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GENERAL SUMMARY
The studies in tliis th esis  w ere designed to investigate the com parative 
im m unological re sp o n ses  of sheep and cattle  to p rim ary  and secondary F . hepatica 
infection in o rd e r to m ore accu ra te ly  defme the reaso n s  for the observed d ifferences 
in susceptib ility  to the p a ra s ite  in the two rum inant spec ies. The effect of previous 
exposure to nem atode and cestode infection in the course  of F . hepatica infection 
in sheep was a lso  studied.
In C hapter I an extensive l i te ra tu re  survey covering re levan t aspec ts  
of the h o s t-p a ra s ite  re la tionsliip  was c a rr ie d  out, and in C hapter II the m a te ria ls  
and m ethods used in the th e s is  w ere  d escribed .
In C hapter III the co u rse  of p rim ary  and secondary experim ental 
F . hepatica infection in sheep w as m onitored and com pared w ith that in 
experim ental ca lves. T liis was done by perform ing  various haem atological, 
b iochem ical and parasito log ica l p ro cedures, including estim ation of the liv e r  
enzym es G .L .D . H. and G .G .T . and detection of c ircu la ting  antibody using
D .I.D . and I .H .T . In th is  connection the m icrop la te  Enzy m e - linked - immuno - 
sorbent assay  (m icro -E . 1. i. s. a . ) was investigated for early  diagnosis of 
F . hepatica infection in ru m in an ts . Problem s associated  w ith th is technique 
w ere  d iscussed  in som e detail. In addition the p ro tec tive  effect of serum  from  
rum inants infected w ith the p a ra s ite  was investigated in passive  tra n s fe r  studies 
in the labo ra to ry  m odel of fa sc io lia s is .
Following p rim ary  infection sheep rapidly becam e anaem ic and 
rem ained  susceptib le  to re in fection  although serum  from  infected an im als 
afforded a degree of p ro tection  when passively  tra n s fe rre d  to r a ts .  In co n trast, 
no anaem ia was detected in experim ental calves. The liv e r enzym es G. L .D .H . 
and G .G .T . w ere  found to be re liab le  ind ica to rs of liv e r cell n ec ro sis  and 
b ile  duct damage, respec tive ly , following p rim ary  infection in the two rum inant 
species, but proved of lim ited  value on re in fection . D .I.D . and I .H .T , w ere
found to be re liab le  diagnostic a ids for detection of serum  antibody, the fo rm er 
a s  a qualitative te s t and the la tte r  a s  an early , sensitive  quantitative indicator.
E . l . i .  s. a. was found to be both unre liab le  and id iosyncratic  in tliis system .
Chapter IV described  the response  of periphera l lym phocytes of sheep 
and cattle  to stim ulation w ith various m itogens as  well a s  F . hepatica som atic 
lip id -free  antigen (L .F .E . ) was m onitored during experim ental p rim ary  and 
secondary F . hepatica infection, using the Lymphocyte T ransfo rm ation  T es t 
( L .T .T .) .  The p a tte rn s  of re sp o n ses  obtained from  infected and re in fec ted  
an im als w ere com pared with those of control an im als. D ifferences observed in 
such p a tte rn s  w ere noted and d iscussed  in the context not only of the modifying 
effect of infection and re in fection  on such resp o n ses, but a lso  in te rm s  of 
inheren t d ifferences in pa ttern  of response  between the two rum inant spec ies.
An im m unosuppressive effect of F . hepatica infection was observed 
for the f ir s t  tim e in experim ental sheep, ch arac te rised  by a reduction in the 
transform ing ability of p e rip h era l lym phocytes in response , not only to non­
specific m itogenic, but a lso  to specific antigenic ( L .F .E .)  stim ulation. Such 
an effect was apparent not only in im paired  responses of once-infected anim als 
com pared with contro l an im als, but a lso  when reinfected  an im als w ere com pared 
with once-infected an im als, thus suggesting that reinfection  had re in fo rced  the 
im m unosuppressive effects. No such effects w ere dem onstrab le  during 
experim ental infection and reinfection  of cattle  in v/hich m itogenic and antigenic 
re sp o n ses  of infected and control an im als was of a s im ila r o rd e r . Possible 
rea so n s  for the observed d ifferences w ere d iscussed .
The effect of p rio r  nem atode and cestode infection of sheep on the 
co u rse  of experim ental F . hepatica was studied in C hapter V. The c ro ss  
im m unising p ro p e rtie s  of these p a ra s ite s  per se and in addition the m odification
of any p ro tec tive  effect conferred  by the im m unom odulating compound 
L te tram iso le  (Levam isole) w ere investigated . In addition the effect of . 
pass iv e  tra n s fe r  of serum  from  sheep infected with the cestode T. hydatigena 
to r a ts  sim ultaneously infected w ith F . hepatica was investigated and the 
re la tiv e  pro tection  afforded by such serum  com pared w ith that obtained from  
fluke infected sheep and ca ttle  was determ ined .
It was reco rd ed  that no protection was conferred on sheep against 
F . hepatica infection by v irtu e  of p r io r  infection w ith any helm inth species 
p e r se, including G. tenu ico llis  and in addition that serum  from  sheep infected 
with the la rv a l cestode G. tenuicollis afforded no protection against the fluke 
when passively  tra n s fe rre d  to r a ts .  However, a degree of immunity to
F . hepatica was reco rded , for only the second tim e, in sheep prim ed with 
helm inth infections p rio r  to trea tm en t w ith levam isole . This is  the f ir s t  
dem onstration of a beneficial effect conferred  by levam isole by v irtu e  of its  
im m unom odulatory p ro p e rtie s , in rum inants infected with any helm inth species, 
R esistance  was evidenced by a 47% reduction in flukes rem oved from  sheep 
trea ted  in th is way. T here  appeared to be a slight reduction in S .D .H . values 
of p a rtia lly  re s is ta n t sheep, when com pared w ith control an im als.
Possible reaso n s  for the stim ulation of re s is ta n c e  w ere d iscussed  
w ith a view to incorpora ting  levam iso le  in a prophylactic reg im e .
In the final chap ter of th is th e s is  (Chapter VI) the various d ifferences 
observed  in the course  of F . hepatica infection in the two rum inant species 
w ere described  in som e de ta il. The im m unological shortcom ings of sheep 
during  F . hepatica infection w ere  d iscussed  with a viev7 to harnessing  the 
therapeu tic  p ro p e rtie s  of such compounds as levam iso le  and " tra n sfe r  fac to r"  
in a prophylactic reg im e incorpora ting  the m ost recen tly  developed specific 
im m unogens in pro tecting  not only sheep, but a lso  cattle  against fa sc io lias is ,
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Plate 1
GENERAL INTRODUCTION
H isto rical
D isease caused by the trem atode F ascio la  hepatica has been 
recognised  sm ce very  early  tim es , indeed the eggs of F . hepatica have been 
dem onstrated  in archaeo log ical excavations from  the early  Viking period 
(750-800 A. D.) in Denma rk  (Nansen and Jorgensen, 1977), and fluke eggs along 
with shells of Galba (Lymnaea) truncatu la  w ere found in m a te ria l excavated 
from  a " te rp "  (refuge mound) in N orth-W est Germany believed to be 1800- 
2000 y ears  old (Over and Jansen, 1962). R eference to d isease  caused by the 
p a ra s ite  may date back as fa r as the 10th century, in the Gwentian Code of 
W ales com prising  law s enacted by How el the Good (Anon, c. 1000). Another 
early  re fe ren ce , (Anon, c . 1200) a sse rted : "teythy davat blys (sic) ac oen ay 
goruod hyd kalanm ey ra c  e rau a t enykafo teyrguala or tavaul neuuyt, "winch may 
be construed as "the a ttrib u te s  (or essen tia l c h a ra c te r is tic s )  of a sheep a re  
m ilk , and a lam b, and to be guaranteed until the calends of May against the 
liv e r-ro t until it has had th ree  sufficiencies of the new herbage. " Jean de Brie, 
one of the best b re e d e rs  of ca ttle  and sheep in F rance , in a tre a tis e  o rdered  
by C harles V in 1379 decla red  that the fluke was not the p rincipal cause of 
liv e r - ro t , but that w orm s engendered from  decay due to the corruption of the 
liv e r by certa in  plan ts, com pleted its  destruction .
The f ir s t  recogn isab le  account of the liv e r fluke, and its  connection 
with so -called  " liv e r-ro t" , appeared in "A newe T rac te  of T rea tise  m oost 
profytable for a ll Husbandem en" by S ir Anthony F itzh e rb e rt in 1573, quoted 
by Smith (1919), who pointed out that "flooded land be bad for sheep", and 
"white snails  be ill for sheep in p a s tu re . " Some tim e la te r  in 1575 
C ornelius Gemma, a prom inent physician and astronom er in the N etherlands, 
described  a dreadful epidem ic of "duva" or liv e r fluke sickness, which he
felt rep re sen ted  a m anifestation of divine justice , in the following te rm s:
"Anno 1562 lues quoque in fan da p e rc o ris  in Hollandia, na tis  verm ibus
passim  c irc a  hepatis reg ionem ", which tra n s la te s  as "in the year 1562 th e re  
occurred  an unspeakable pestilence  of flukes in Holland, a ris in g  everyw here 
through w orm s in the region of the liv e r , " ' S im ilar outbreaks of "sh eep -ro t"  
w ere  documented in Germany in 1663 and the N etherlands in 1674, which w ere 
a lso  explained in te rm s  of sheep feeding on p a rticu la r p lan ts . In Britain,
F rank  N icholls, a London physician and England's leading anatom ist p resen ted  
a re p o rt to the Royal Society in 1755 on "W orms in Animal Bodies". His 
re m a rk s  included re fe ren ce  to "flooks" which, in his opinion, caused "a species 
of dropsy" in bullocks and sheep by building "a wall of stone for th e ir  defence". 
Up to  th is  tim e th is condition had been variously  thought of as  due to "p artic les  
of soil (gruft) adhering  to  g ra s s  a fte r flooding; luxuriant growth of p lants in 
m o ist w eather; g raz ing  on bu tterw ort, w h ite -ro t and sundew; poor diet and 
drinking too much w ater"  (1792, quoted by Simonds, 1880) or a poisonous 
effluvia em itted  from  m arshy  soil (H arrison , 1804). The "flooks” which some 
au thors had linked with the " liv e r- ro t"  w ere given the definitive Latin nam e 
"F asc io la  hepatica" by Linnaeus, 1758, who considered them to be accidentally  
swallowed leeches whose p ro p er habitat w as under stones in fre sh  w ater.
The Revelation of the L ife-cycle  of F ascio la  hepatica
T his rem ark ab le  piece of scien tific  investigation is  contained in the 
excellent rev iew  a r tic le s  of Taylor (1937) and Rein hard (1957), quoted by 
Pant el our is  (1965), who pointed out that although the ex istence of the adult fluke 
had been known for many y e a rs  it  w as not until 1752 that the f ir s t  reco rd  was 
m ade of any other stage in the life  cycle having been observed, when the Dutch 
m irc ro sc o p is t Swam m erdam , while d issec ting  snails  cam e upon moving objects,
which he called w orm s and which from  his draw ings w ere  recogn isab le  as 
c e rc a r ia e . These w ere  a lso  described  by M uller (1773), who coined the nam e 
c e rc a r ia e , and M ehlis (1881). Around the sam e tim e P ro fesso r Ludwig Bojanus 
(1818) noticed that pond snails  harboured  ’toyal-yellow  w orm s", now called  red iae .
Meanwhile foundation stones of a different type w ere being laid , and 
tow ards the end of the 18th century it becam e recognised  in certa in  q u a rte rs  
that some p a ra s ite s  divided th e ir  life -cy c le  between 2 or m ore  hosts, and 
Johannes S teenstrup, a young N orw egian-D anish scholar (he w as 28 y e a rs  old at 
the tim e), developed the idea of an a lte rnation  of generations in trem atodes, 
among other anim al spec ies, which he defined as  follows: "alternation  of 
generations is  the rem ark ab le  phenomenon of an anim al producing an offspring 
which at no tim e re sem b le s  its  paren t, but which, on the other hand, i ts e lf  
b rin g s  forth  a progeny wliich re tu rn s  to i ts  form  and n a tu re  to  the pa ren t anim al 
so that the m ate rn a l anim al does not meet with its  own resem blance  in i ts  own 
brood, but in its  descendants of the second, tliird  or fourth degree of generation". 
The f ir s t  suggestion of a definite connection between a specific fluke and a 
specific c e rc a r ia e  appeared, however, to have been m ade som e ten y ears  
a fte r Steen s tro p 's  publication by P ro fesso r Rudolf Leuckart (1852) in Munich, 
who p ro fessed  that a certa in  fluke found in the in testine  of p redacious fish 
w as specifically  indeutical to an encapsulated c e rc a r ia e  found in the g ills  of 
o ther sm all fish, on which the final host fed. When La V alette (1855) 
dem onstrated  that certa in  encysted c e rc a r ia e  from  w ater snails  developed 
into adult flukes in b ird s , and Wagener (1857) observed the penetration  of 
the m iracid ium , (firs t described  by M elilis (1831), into the snail, and its  
subsequent developm ent into the red iae , the la s t links in the chain had been 
com pleted, and it only rem ained  for the chain to be unravelled .
Plate 2. Sir Algernon Phillips Withiel Thom as (1875-1937). 
Photograph taken on his 80th b irthday.
The im petus for the final elucidation of the life cycle of F . hepatica 
(illu stra ted  in Fig. 1) was provided by a severe  epidem ic of fa sc io lias is  in the 
B ritish  Is le s , during the w inter of 18 79 - 80, in which 3 m illion sheep w ere lo s t.
As a re su lt of tliis the Royal A gricu ltu ra l Society of England decided to offer 
a g ran t for the investigation of the n a tu ra l liistory of the p a ra s ite  that caused 
the d isease . The gran t went to a 23 y ear old graduate of Balliol College, Oxford, 
named Algernon Phillip Withiel Thom as (see Plate 1), who had just been appointed 
dem onstrato r in biology at the U niversity Mluseum. At the sam e tim e the 
g rea t Leipzig Zoologist, P ro fesso r Rudolf Leuckart, was a lso  undertaking 
experim ents to d esc rib e  the developm ental h istory  of the liv e r  fluke. The w ork 
of both men culm inated in the publication of two se r ie s  of p apers  (Leuckart,
1881, 1882 a) & b); and Thomas, 1881, 1882 a) & b), 1883 a) & b)), in which 
the snail Lym naea truncatu la  was identified as the in te rm ed ia te  host, and the 
su ccessive  la rv a l stages w ere  b red  and described . In the opinion of T aylor 
(1937), "the raw  recru it" , in the shape of A. P. Thom as, should rece iv e  the 
g re a te r  p a rt of the c red it for th is  discovery, since L euckart, "the g rea t grey 
general", had confused the identity of the in term ed ia te  host with Lym naea p e reg ra , 
in winch an abortive developm ent takes p lace.
The work of Thom as and L euckart was supplem ented by Lutz (1892, 1893), 
1893), who dem onstrated  the infectivity of c e rca ria e  and Sinitsin (1914), who 
estab lished  the route followed by m e ta ce rc a r iae  from  gut to liv e r in the 
definite host.
The life  h isto ry  of the liv e r-flu k e  F ascio la  hepatica (Plate 2) was thus 
elucidated m ore  than 150 y e a rs  a fte r the f ir s t  observation of the c e rc a r ia e .
D isease due to F ascio la  hepatica and its  economic significance
P resen t day descrip tions of fa sc io lias is  in dom estic species (see
10
l i te ra tu re  review ) indicated that fasc io lias is  is  m anifest as a c lin ical entity 
in two quite d istinctive conditions. F irs tly , acute fa sc io lias is  which is  
ch a rac te rised  by sudden death, caused by an acute haem orrhagic anaem ia, with 
a t post m ortem , the p resen ce  of la rg e  num bers of im m ature  flukes in the 
liv e r parenchym a and secondly, at the other end of the c lin ical spectrum , 
chronic fa sc io lias is  which is  c h a rac te rised  by a p ro g ress iv e  lo ss  of condition 
and developm ent of anaem ia, re su ltin g  in fa ilu re  to th rive, and debilitation.
In th is  case  the fluke population is  p re sen t principally  as adult flukes in the 
bile ducts. T hese two c lin ical conditions re p re se n t the two ex trem es of 
fa sc io lias is  and o ther, in te rm ed ia te  sub-acu te  d isease  s ta te s  may p resen t, 
a s  well as sub-c lin ical deb ilita to ry  conditions of p a rtic u la r  im portance in 
adult m ilkm g cattle , due to m fection with sm aller num bers of flukes.
The im portance of all the m anifestations of fluke infection in te rm s  
of the annual cost to the ag ricu ltu ra l industry in G reat Britain may be judged 
from  T ables 1, 2 and 3, based on 1974 figures re leased  by I .C .I .  (in Fluke 
D isease, ICI 1974).
Type of stock Infection ra te  {%)
Cows 40
H eifers and s te e rs 17
Adult sheep 13
Lam bs 5
Table 1; A verage incidence of F. hepatica in G reat Britain
1 1
Type of stock Percentage liv e r condemnation Loss of revenue
C attle 29 £2 m illion
Sheep 8 £15,000
Table 2; A verage lo sse s  due to liv e r condemnation
Type of stock N ature of lo ss Loss of revenue
D airy cattle Lower m ilk  y ields, £ 4 - 6  m illion
low er m ilk quality £ 2 - 4  m illion
Beef cattle Higher feed costs , 
low er c a rc a ss  va lues.
£ 5 - 7 , 5  m illion
Sheep Poor lam b grow th and 
longer finishing periods
£0.75 - 1 m illion
Table 3; A verage lo sse s  from  low -level fluke infection
As well a s  the lo sse s  outlined above other lo sse s  due to m orta lity  in 
sheep and poor wool yields and fleece quality boosted the to ta l lo ss  in revenue 
caused by the liv e r fluke (1974) to a figure in excess of £50 m illion. It m ust 
a lso  be s tre sse d  that fa sc io lias is  is  of w orld-w ide im portance and as such 
constitu tes a m ajo r economic problem .
It is  of no little  in te re s t to d iscover that in m ost p a rts  of the world. 
Including G reat Britain, only the clironic condition is  seen commonly in ca ttle , 
although acute fa sc io lias is  has been described  in calves in Ireland by R oss (1966a) 
and an outbreak of sub-acu te  fa sc io lias is  in cattle  was rep o rted  by E ckert et a l . 
(1977) in Sw itzerland; in co n tra st acute, acu te /su b -acu te  and su b -acu te /ch ron ic  
outbreaks of fa sc io lia s is  have been documented in sheep (Ross et a l ., 1967a) ;
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Reid et a l . , 1970). In those studies the different clin ical en tities  corresponded 
to the num bers of flukes, the stage of developm ent and also  the tim e of year.
F rom  tills evidence it would appear that cattle  exliibit a decreased  
suscep tib ility  to, or to le rance  of F asc io lia  hepatica infection, and experim ental 
stud ies by R oss (1966b); Boray (1967a) and Doyle (1971) have c lea rly  shown 
that ca ttle  can successfu lly  r e s is t  secondary infection w ith F . hepatica , as 
dem onstrated  by a low ering of the num ber of flukes recovered , com pared with 
con tro l an im als given only a p rim ary  infection. However, recen t studies by 
Van Tiggele and Over (1975) do not wholly support th is . It has a lso  been 
c lea rly  estab lished  that sheep rem ain  susceptib le  to infection with F . hepatica , 
and would appear m capable of acquiring  re s is ta n c e  as m easu red  by numibers of 
flukes reco v ered . T his has em erged in many studies including those by 
Boray (1967b); S inclair (1971a) and Rushton (1977) and only the very  recen t 
w ork by Cam pbell et a l . (1977), which w ill be d iscussed  la te r  would tend to 
d ispute th is  basic  p rem ise .
The reaso n s  for th is  d ifference in susceptib ility  to F . hepatica 
infection between sheep and ca ttle  have not as yet been fully determ ined  despite  
many and varied  studies over a period of severa l y e a rs . One of the m ost basic  
questions to be answ ered  is  the re la tiv e  im portance of im m unological and non­
specific fac to rs  in the phenomenon of re s is ta n c e . D argie et a l . (1974) 
p resen ted  evidence to show that although physical b a r r ie r s  such as  hepatic 
fib ro sis  could not be discounted in host re s is ta n c e  to fa sc io lias is  immune 
m echanism s w ere  unquestionably involved; these m echanism s w ere  shown to 
involve both hum oral and cell m ediated im m unity, and the degree of p ro tection  
achieved was not re la ted  to the extent of hepatic fib ro sis .
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Despite tliis apparent immunity to fasc io lias is  in cattle , a ttem pts to 
im m unise sheep and cattle  against fa sc io lias is  have proved disappointing 
although recen t work involving the use of antigens e laborated  dur hi g periods 
of in v itro  cultivation of the fluke (Lang, 1976; Lang and Hall, 1977) encourage 
som e hope for the fu ture. R ecently, however, Cam pbell et a l . (1977) repo rted  
that sheep becam e im m une to re in fection  with m e ta ce rc a riae  of F . hepatica 
following hi feet ion with the la rv a l cestode C ysticercus tenu ico llis . This 
apparent c ro ss-im m unisa tion  begged the question of im m unisation agahist 
fa sc io lias is  using generically  unrelated  p a ra s itic  e x tra c ts .
O bjectives of th is th esis
In th is th esis  the li te ra tu re  perta in ing  to re levan t asp ec ts  of 
F ascio la  hepatica infection was review ed, w ith p a rticu la r re fe ren ce  to the 
d isease  in rum hian ts. In addition an attem pt was m ade to elucidate the 
reason (s), im m unological or o therw ise for the observed difference in 
susceptib ility  between sheep and cattle  to infection with the liv e r fluke 
F ascio la  hepatica . This was done by m onitoring p rim ary  and secondary 
hifections w ith F . hepatica in the two sp ec ies. As w ell a s  parasito log ica l, 
biochem ical, and haem atological stud ies, a num ber of detailed  im m unological 
p ro cedu res w ere c a rr ie d  out to detect hum oral and cell m ediated immune 
re sp o n ses  in the infected an im als. In th is  connection the sero log ica l studies 
c a r r ie d  out in sheep and cattle  stim ulated  an ancillary  investigation to find 
the sero log ica l te s t m ost suitable as an early  diagnostic aid in detection of 
fluke infection, and, for th is  reaso n  the Enzym e-linked im m unosorbent assay  
(E .L i. s . a. ) f ir s t  described  by Engvall and Perim ann (1971) was investigated 
and its  various m e rits  described .
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Finally , p re lim inary  stud ies designed to determ ine  the possib le 
c ro ss-im m u n is in g  p ro p e rtie s , of o ther helm inths, against F . hepatica 
infection in sheep, and the effect of the im m unom odulatory compound 
L. te tram iso le  (levam isole) on th ese  p ro p e rtie s , w ere undertaken.
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C H A P T E R  1 
UTERATURE r e v ie w  : FASCIQLIA HEPATICA INFECTION, 
WITH PARTICULAR REFERENCE TO SHEEP AND CATTLE
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INTRODUCTION
The p resen ta tion  of th is  review  is  divided into sec tions on d ifferent 
a sp ec ts  of the h o s t-p a ra s ite  re la tionsliip . Any lite ra tu re  not review^ed in depth 
In th is chapter, but of specific im portance to the subject m a tte r  of another 
chap ter, w ill be found in m ore detail in the introduction of the re levan t chap ter. 
The re su lts  of contem poraneous studies, i .e .  those published in the past 3 y ea rs , 
a re  included in the re levan t d iscussion  sections.
SECTION 1 
CLINICAL AND POST MORTEM STUDIES
Sheep
C linical d isea ses  due to F . hepatica infection in sheep was f ir s t  
c lass ified  as  acute and chronic by O iler en s haw (1958), However, the f ir s t  
detailed descrip tion  of these  d isea ses  w as provided by R oss, et a l . , (1967 a) ) 
who documented the c lin ical and post m ortem  findings under conditions of 
n a tu ra l and experim ental infection w ith F . hepatica . T hese  au thors 
c lass ified  the d isease  into 3 fo rm s, nam ely, acute (Type I and II}, subacute, 
and chronic. In the acute Type 1 condition death occu rred  without c lin ical 
signs being p re sen t 7-8 w eeks a fte r  experim ental infection with 5,000 m e ta ­
c e rc a r ia e , at which tim e  2, 000-2, 500 flukes w ere recovered  from  infected 
liv e rs . In field cases  between 1, 000 and 2,500 flukes w ere found. In th is  
type of fa sc io lia s is  60% of the flukes w ere found m ig rating  in the liv e r 
parenchym a and 40% in the b ile  ducts.
Post m ortem  findings w ere  typically  those of an acute haem orrhagic 
anaem ia . The abdomen was filled w ith a la rg e  quantity of blood stained 
fluid. The liv e r w as en larged , congested and subcapsu lar haem orrhages 
w ere  frequent. Histologically, it was found that very  few a re a s  of the liv e r
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parenchym a escaped dam age from  m igrating  p a ra s ite s . C h arac te ris tic  
lesions included la rg e  a re a s  of confluent fluke tra c ts  consisting  of a cen tra l 
a re a  of haem orrhage surrounded by a border of eosinophils and lym phocytes 
together with damaged hepatocytes.
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The acute type II form  of the d isease  a lso  p resen ted  as sudden death 
and essen tia lly  s im ila r pathological changes w ere found at post m ortem . 
However, many m ore  d istinct fluke tra c ts  w ere evident and congestion of the 
liv e r  was le s s  sev e re . Typically 700-1, 000 flukes w ere p re sen t, a la rg e r  
percen tage as m atu re  flukes in the b ile ducts than in the type 1 d isease .
In sub-acute fa sc io lia s is  as described  by R oss, et a l . (1967 a) ) lo ss  
of condition, pa llo r, evidence of abdom inal pain, sev ere  anaem ia and 
hypoalbum inaem ia was found for a period of 1 - 2 w eeks p rio r  to death 
winch occurred  12 - 20 weeks a fte r infection. This condition w as consisten t 
w ith a fluke burden of between 800 and 1, 500, of which 30-60% w ere p resen t 
a s  adults in the bile  ducts.
The la tte r  p ic tu re  is  consisten t w ith that repo rted  by Reid et a l .
(1970), in a study of na tu ra lly  acquired fasc io lias is  hr sheep. This work 
d escribed  the sequential developm ent of sub-acute fa sc io lias is  in a flock grazing 
known infected pastu re , and the clin ical signs noticed w ere s im ila r to 
•those described  by R oss et a l . (1967 a) ). In the natu ra lly  acquired 
hr feet ion fluke burdens varied  from  110 - 1,628 and the percentage of 
im m ature  flukes was 90% at the beginning of the outbreak in October, and 
gradually  decreased  through the w inter to  M arch when 87% of the flukes w ere 
p resen t as adults in the bile duct.
Sub-acute fa sc io lias is  as described  by R oss et a l . (1967 a) ) p resen ted  
the following p ic tu re  at post-m o rtem : la rg e  num bers of flukes w ere p resen t
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in the bile  ducts. A sc ites  w as not a fea tu re  of tliis condition although the liv e r 
was congested and num erous fluke t r a c ts  w ere  distinguishable as ra ised  red  or 
yellow a re a s  in the liv e r parenchym a.
The final c lin ical condition d escribed  in th is work by R oss et a l . (1967 a) ) 
was chronic fa sc io lia s is . C linical fea tu res 'inc luded  firs tly  un th riftiness resu ltin g  
in debility, loss of weight and finally em aciation. Death may occur from  20 weeks 
post infection and as in the sub-acu te  d isease  m oderate to  la rg e  num bers of 
fluke eggs may be p re sen t in the faeces. At post m ortem  num erous fluke 
t ra c ts  w ere evident along with vary ing  am ounts of fib ro sis  and thickening of 
the b ilia ry  m ucosa.
C attle
As d iscussed  previously  fa sc io lias is  in cattle , unlike the situation in 
sheep, norm ally  only occu rs  a s  a chronic condition. However iso lated  
incidents have been rep o rted  w here outbreaks of acute (Ross, 1966 a) ), 
and subacute (Ross, 1966 a); E ckert et a l . , 1977), fac io liasis  have 
occu rred  in ca ttle . The acute d isease  presented  the following c lin ical 
and post m ortem  fea tu res  (Ross, 1966 a) ); halves aged 5 - 8  months at 
g ra s s  between Septem ber and N ovem ber, on fa rm s with a h istory  of heavy 
fluke infection, lo st condition rap id ly , becam e dyspnoeic, showed evidence 
of abdom inal pain, and developed a dry cough. Calves died shortly  afte r 
symptoms developed. Fluke eggs w ere  absent from  the faeces, but 
eosinophilia and hypoalbum inaem ia w ere  p re sen t. A naem ia w as not a 
fea tu re  of th is condition, although surv iv ing  calves developed a severe  
haem orrhag ic  anaem ia.
At p o s t-m o rtem  exam ination the liv e r was en larged  and severe ly  
engorged and typically  1, 000 or m o re  im m atu re  flukes w ere p re sen t in the 
liv e r parenchym a,
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Sub-acute fa sc io lia s is  (R oss, 1966 a); E ckert, 1977) displayed 
the following c lin ical and post m ortem  fea tu res: y earlin g  an im als w ere affected, 
usually  between Novem ber and M arch. A nim als lo s t condition, developed 
p a llo r, but re ta in ed  a n o rm al appetite  until ex trem ely  weak, when the w orst 
affected an im als becam e recum ben t. 15-30% m o rta lity  occu rred  and in 
surv iv ing  an im als a sev e re  haem orrhag ic  anaem ia, hypoalbum inaem ia, a 
v a riab le  eosinophilia and high faecal egg counts w ere noted. At post m ortem  
an enlarged haem orrhag ic  liv e r w as evident, along w ith a fibrinous p e rito n itis , 
w ith typically  between 500 - 1 ,000 flukes, the m ajo rity  of winch w ere  adults 
in the b ile  ducts.
T his general p ic tu re  is  consisten t with the findings of E ckert et a l . , 
(1977) in an outbreak of subacute d isease  in Sw itzerland, and Reid et a l ., (1972) 
who rep o rted  the o ccu rrence  of subacut.e fa sc io lias is  in experim entally  
infected g raz ing  calves.
Clironic fa sc io lia s is , the predom inant form  of fa sc io lia s is  found in 
ca ttle  was described  in detail by R oss (1966 a) ). T his condition unlike 
the acute and subacute conditions surfaced  clinically  a s  a herd  problem , 
m orbidity  frequently  being 100%. W here acute or subacute incidents had 
occu rred , chronic fa sc io lia s is  developed in the rem a in d er of the herd
1 - 6  m onths la te r .  The condition was m ost severe  in an im als  9 m onths to 
2 y e a rs  of age, and the au thor a lso  considered  s t r e s s  fac to rs  such a s  
pregnancy im portan t in de term in ing  the severity  of the condition. C linically 
the d isease  occurred  between January  and July, and w as c h a rac te rised  by 
p ro g ress iv e  lo ss  of condition, hypoalbum inaem ia, eosinophilia and severe  
haem orrhag ic  anaem ia. The liv e r may be palpably enlarged and fluke eggs 
w ere  dem onstrab le  in the faeces. At post m ortem  exam ination the liv e rs  
of affected an im als  w ere  en larged  and c irrh o tic , with sev ere  fib ro sis  in the
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bile ducts in wMch calcification  was an invariab le  fea tu re . V ariable degrees 
of em aciation and oedem a w ere  p re sen t in the c a rc a ss  and p eriton itis  occurred  
in anim als with heavy infections.
T ins c lh iical and p o st-m o rtem  p ic tu re  was confirm ed hi a num ber of 
experim ental and field stud ies, notably by Sewell (1965); Dow et a l . (1967) 
and Rahko (1969).
F hi ally, of econom ic im portance in cattle  is the occurrence  of sub- 
c lh iical fa sc io lias is  in m ilkhig ca ttle . Tliis subject has been trea ted  by 
sev e ra l au thors hicludhig R oss (1970); Liddel (1972); Black and Froyd (1972); 
A rm our (1975). In th is  condition low or m oderate levels  of infection re su lt 
in debilitation wliich may or m ay not be recognised  by the fa rm er (Ross, 1970). 
A ccordhig to A rm our (1975), su b -c lin ica l d isease  is  c h a rac te rised  by low ered 
productivity  ref].ected by hiadequate food conversion ra te s , poor c a rc a ss  
conform ation and reduced  m ilk  y ie lds, p a rticu la rly  solids not fat, without 
m ajo r haem atological changes. Hence th is  situation in p a rtic u la r , in the 
adult anim al, p re se n ts  the problem  of d iagnosis, as w ill be d iscussed  la te r .
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SECTION II
HAEMATOLOGICAL STUDIES
Another m ajo r fea tu re  of F ascio la  infection in rum inants is the anaem ia
in itia lly  norm ocytic , norm ochrom ic, which occurs in all of the types of fasc io lias is
described  above. Generally, haem atologicaTchanges in Fascio la  infections in
rum inan ts include a p e rip h e ra l eosinophilia, low ered packed cell volume, low ered
haemoglobin, lowered number of red  ce lls  and an in c rease  in to tal num ber of white
c e lls . The cause of the anaem ia in fascio la  infection has been the subject of
fie rc e  con troversy  over a long num ber of y e a rs . V arious th eo ries  have been
put forw ard over the y e a rs  by various au thors viz: some au tho rs  considered
that the anaem ia could be explained by the haem atophagic ac tiv itie s  of the
adult fluke re su ltin g  in blood lo ss  (Jennings et a l . , 1956; Todd and R oss,
1966; Symons and Bor ay, 1967 ); o thers suggested that dyshaem atopoiesis
due to F e or Vit B12 deficiency m ay be an im portant factor (S inclair, 1964);
w hile other suggestions included the re le a se  of toxic substances by the flukes,
which m ay e ither d ep ress  haem opoiesis or cause in c reased  haem olysis of
51e ry th ro cy te s  (S inclair, 1967). M ore recen tly  studies w ith C r labelled  re d  
ce lls  (Holmes et a l . , 1967; Sewell e t a l . , 1968; Holm es et a l . , 1968; D argie 
and M ulligan, 1970; Holm es and D argie, 1975) have indicated that anaem ia 
develops in itia lly  because of haem orrhage within the parenchym a of the liv e r, 
and la tte rly  because of excessive  lo s se s  of red  ce lls  into the digestive tra c t .
T h is  m ay be due to  the blood sucking ac tiv itie s  of the fluke from  v e sse ls  in 
the w all of the bile  duct, a s  f ir s t  suggested by U rquhart (Ph.D. th esis , 1955) 
and Jennings et a l . (1956), and confirm ed by the recen t work of Holmes and 
D argie (1975).
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SECTION III 
BIOCHEMICAL STUDIES
Plasm a Protein Studies
Changées in p lasm a pro tein  content In an im als of d ifferent species, 
infected  with F . hepatica have been w ell documented over a lengthy period  of 
y e a r s .
C onsidering f i r s t  ovine fa sc io lia s is , a num ber of au thors have 
m entioned the assoc iation  of F . hepatica infection with a lte ra tio n s  in p lasm a 
p ro te in  lev e ls . T hese include Balian (1940); Jennings et a l. (1956);
Noguchi et a l . (1950); Ibrovic and Call Palla (1959); N ikolic et a l . (1962); 
S incla ir (1962); F urm aga and Gundlach (1967); Jennings et a l . (1968); 
Holm es et a l. (1968); Nansen and N eil sen (1968); Holmes (1969); D argie 
(1975 a) & b) ); Nansen et a l . (1975); S inclair (1975).
E arly  w ork by Jennings et a l . (1956) indicated that from  5 w eeks a fte r 
experim ental F . hepatica infection th e re  developed a hyperpro teinaem ia due 
m ainly to an in c rease  in ^ globulin, and fu rth er that from  the 10th week post 
infection th e re  was a p ro g ress iv e  fa ll in to ta l p ro tein , album in and globulin 
in the  p lasm a due to lo ss  of p ro te in  into the g astro in testin a l tra c t . These 
re s u lts  w ere  consisten t with the findings of S inclair (1962) who suggested that 
lo ss  of album in may be partly  due to lo ss  in inflam m atory exudates in the 
dam aged liv e r . However, stud ies involving rad ioactive labelling of 
p ro te in  by Holmes et a l . (1968) indicated that hyper catabolism  of album in 
in fluke infected sheep w as due to leakage of the p ro te in  into the gut via the 
b ile  caused by the feeding ac tiv itie s  of the flukes. D argie et a l . (1968) 
w orkm g in the rabb it dem onstrated  that am ounts of p lasm a considerably  in 
excess of those expected from  lo sse s  of whole blood, p ass  into the gut of 
infected an im als. T ins lo ss  w as explained by M urray (1969), in te rm s  of
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leakage through the junctional com plexes of the b ilia ry  m ucosa, wiiich becam e 
p erm eab le  to m acrom olecu les in the hyperp lastic , p a ra s itised  m ucosa.
The n a tu re  of the hypergam m aglobulinaem ia in F . hepatica infected 
sheep (as w ell a s  cattle) w as the subject of a study by Nansen et a l . (1975).
T hese w orkers  drew  attention to the fact that in infected sheep IgG2 and IgA 
lev e ls  rem ained  una lte red  wlnle IgG^ in c reased  significantly in the la te  p re ­
patent period and rem ained  elevated during  the chronic period  of infection.
The au tho rs  thought it worthy of m ention that tin s  immunoglobulin was 
asso c ia ted  w ith the  exocrine (mucous m em brane) im m une system .
As fa r as  cattle  a re  concerned s im ila r p lasm a pro tein  changes have 
been described  by sev e ra l au thors, including R oss et a l . (1966); Reid 
e t a l . , (1972); F lagstad  and E rik sen  (1974); Nansen et a l . (1975).
Pioneer w ork in th is  field by R oss et a l . (1966) described  a 
hypoalbum inaem ia from  the 5th week a fte r experim ental infection with
F . hepatica accom panied by v a riab le  elevations in a ll the globulhi frac tions, 
p a rtic u la rly  in cx + globulins from  the 3rd week a fte r  infection. These 
findings w ere substantiated  by the w ork of Reid et a l . (1972). The m echanism s 
re su ltin g  in hyper gam m aglobulinaem ia w ere  investigated by F lagstad  and 
E rik sen  (1974), who observed that the liv e rs  of calves infected 
experim entally  with F . h e p a tica , unlike that of the norm al anim al, 
partic ipa ted  hi immunoglobulin syn thesis , as  dem onstrated  by the p resen ce  
of im munoglobulin producing c e lls  in the liv e r parenchym a. In cattle  given 
single infections only, the ce lls  in question w ere m ainly of the IgA type, 
unlike liv e rs  w ith repeated  infections wliich presen ted  a p ic tu re  of IgG producing 
ce lls  a s  the predom m ant type. E xam ination of the p o rta l lymph nodes 
revealed  abundant IgG^ producing ce lls  in both ca ttle  with single and repeated  
infections. The au tho rs  believed the lym ph node reaction  to be la rge ly
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responsib le  for the r is e  in p lasm a globulin concentration.
L iver Function Studies
Among the e a r l ie r  an c illa ry  a ids to  liv e r function employed in 
experim en tal F . hepatica infection, the following te s ts  a re  worthy of no te;- 
Brom osulphalein excretion  te s t (B .E .T .) (U rquhart, 1954) and the Iodine T est 
( I .T .)  (Lloyd, 1957; Pyper, 1965; R oss et a l. 1966);
Brom osulphalein excretion  te s t B .E .T . was used by U rquhart (1954) 
to confirm  that b ilia ry  obstruction  w as not a fea tu re  of clnronic fasc io lias is  
in the rab b it. The author reco rd ed  that values for B .E .T . in fluke infected 
rab b its  w ere  s im ila r to those of no rm al rab b its  and w ere in no way com parable 
to  those  found in rab b its  with b ilia ry  obstruction .
Iodine t e s t . A m odification of the I .T .  described  by Lloyd (1957) and 
Pyper (1965) was employed by R oss et a l . (1966) as an ind icator of liv e r function 
in calves experim entally  infected w ith F . hepatica . The author rep o rted  a 
steady r is e  in read ings com m encm g 10 weeks a fte r m fection in heavily infected 
calves to a peak 16 w eeks post m fection, th e rea fte r read ings decreased  steadily 
and becam e negative 23 weeks a fte r infection. It was the opinion of the 
author that because the m echanism  of the I .T . was not fully understood, in 
the absence of s im ila r a lte ra tio n s  in liv e r enzyme levels, in te rp re ta tio n s  of 
I .T .  m ust be m ade cautiously .
L iver Enzyme Studies
Of the biochem ical changes occu rrin g  in rum inan ts infected with
F . hepatica the re le a se  of liv e r enzym es into the blood in response  to  liv e r 
in ju ry  has provided not only the b asis  for early  d iagnosis of fa sc io lias is  by 
enzym e assay, but a lso  valuable inform ation reg ard in g  the ac tiv itie s  .of the 
flukes a t various tim es a fte r infection. The following enzym es have been 
used to  indicate liv e r dam age due to F . hepatica infection:
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a sp a rta te  am in o tran sfe rase  (A sp.T .) , fo rm erly  serum  
glutam ic oxaloacetic tran sam in ase  (S .G .O .T . )
alanine a m in o tran sfe ra se  (Al. T . ), fo rm erly  serum  glutam ic 
py ru v ic tran sam in ase  (S .G .P .T .)
alkaline phosphatase (A. L. P. )
gam m a glutam yl tran sp ep tid ase  (G. G .T . )
glutam ate dyhydrogenase (G, L .D .H .)
lac ta te  dehydrogenase (L .D .H .)
leucine am inopeptidase (L .A .P .)
so rb ito l dehydrogenase (S .D .H . )
p seu d o -ch o lin este rase  (C h .E .)
ornitliine carbam oyl tra n s fe ra se  (O .C .T .)
Of these  the m ost commonly used cu rren tly  in d iagnosis of fa sc io lia s is  
a re  G. G .T . , G .L .D .H . and S .D .H .
High levels  of S .G .O .T . and S .G .P .T . occur when hepatocellu lar 
dam age is  p resen t, A .L .P . has a poor reputation as  a te s t of liv e r function, 
although liigh lev e ls  m ay indicate liv e r  dam age (Paton, 1969). R aised  enzyme 
levels  alone however do not constitu te  a specific re sp o n se  to fluke infection, 
and it has been shown (Boyd, 1962 and Ford , 1965 & 1967) that carbon 
te trach lo ride-induced  liv e r n e c ro s is  in sheep produced significant in c re a se s  
in th ree  of the enzym es m entioned above, nam ely, G. L .D .H ., O .C .T . and 
S .D .H . Sim es en et a l . (1973) com paring the re la tiv e  values of G. G .T . and 
S .G .O .T . in bovine fa sc io lias is , concluded that G. G .T . is  superio r in th is  re sp ec t.
Detailed studies by A nderson et a l . (1977) in re sp o n se  of calves to  
infection with fa sc io lia s is  suggested tha t G .L .D .H , and G. G .T . serum  
activ ity  a re  the m ost sensitive  in d ica to rs . The au tho rs  repo rted  a m axim um  
of m ean activ ity  of infected calves for G. L .D .H . and G. G .T . of 18 and 13 
respec tive ly  tim es g re a te r  than uninfected an im als. T his com pared with
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five and six. fold in c re a se s  in the case  of S .D .H , and O .C .T . re sp ec tiv e ly , 
wliich re sp o n ses  w ere  in tu rn  m uch g re a te r  than those of A spT and L .D .H . 
R esu lts  from  the sam e study indicated that G. G .T . and O .C .T . levels  began 
to  r i s e  la te r  than the o ther enzym e lev e ls . This finding is  consisten t with the 
theory  that the G. G .T . resp o n se  is  due to damage to b ile  duct ce lls  as  suggested 
by Anderson et a l . (1977) or b ilia ry  s ta s is  a s  suggested by F ord  (1974).
Of the other enzym es used in the past in diagnosis of fa sc io lia s is  
S .G .O .T . levels in experim ental infections in calves w ere  studied by R oss et al.
(1966) who found slight in c re a se s  5 w eeks post infection in a ll infected an im als, 
but found that activ ity  of th is  enzym e rem ained  within the n o rm al range during  
infection which ranged from  5 - 2 5  w eeks. However Doyle (1971) following 
experim ental infections of calves obtained an in c rease  in S. G. O .T . 2 weeks 
post infection, and a significantly  elevated level throughout 16 weeks of 
infection. Reid (1968) exam ined levels  of S. G. O. T . , A .L.P. and S .G .P .T . 
following experim ental h ifections in sheep, and concluded that only S .G .O .T . 
and A .L .P . w ere  of value in d iagnosis, and although S. G .P .T . levels  w ere  
ra ise d  no p a rtic u la r  pa tte rn  was evident.
Jaim e et al (1970/72) rep o rted  that higher ac tiv itie s  of S .G .O .T . 
w ere  observed in fluke-infected  cattle  than norm al while S .G .P .T . appeared  
to  have no value in d iagnosis of bovine fa sc io lia s is .
M ore recen tly  s tud ies by El H arith  (1977) on experim ental fa sc io lias is  
of sheep recorded  that S .G .P .T . activ ity  s ta rted  to r i s e  in the second week 
post infection and th e re a f te r  fluctuated in ir re g u la r  fashion, and sim ila rly  that 
S .G .O .T , levels  in c reased  at 2 w eeks post infection, as did S .D .H . levels 
w hile G .G .T . levels began to r is e  a t 8 weeks post infection.
In sum m ary it has been collectively dem onstrated  that S .D .H . and
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G .L .D .H . appear to be the m ost sensitive  and e a r lie s t ind ica to rs of 
hepatocellu lar dam age due to fluke m igration  in the liv e r parenchym a, 
although doubts have been exp ressed  reg ard in g  the suitability  of G. L .D .H . 
for th is  type of assay  because of its  instab ility  (Anderson et a l . , 1977).
G. G .T . appears  to be an excellen t guide to bile duct changes caused by 
the flukes.
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SECTION IV 
IMMUNOLOGICAL STUDIES
Serological Studies
The detection of c ircu la tin g  antibody in the serum  of rum inan ts 
infected w ith F . hepatica has been extensively documented using a wide 
range of sero log ica l techniques. T hese  include, in alphabetical o rd e r :- 
Com plem ent F ixation (G ,F .)
C o u n te r-im m uno-elec trophoresis  (C .I .E . )
Defined antigen su b stra te  sp heres system  (D .A .S .S .)
Double im m unodiffusion (D. I. D. )
Enzym e-linked im m unosorbent assay  (E .L i. s. a . )
F locculation te s t  ( F .T .)
F lu o rescen t antibody te s t (F .A .T . )
In trad erm al skin te s t ( I .S .T .)
Latex-agglutination (L .A .)
Passive-haem agglu tination  (P. H. )
Com plem ent F ixa tion . C .F . te s ts  have been widely applied to se ra  of fluke 
infected an im als. Studies using th is  te s t include those by F r ic k  (1970), 
Yakhontov (1970), Renz (1973), Kapp-Burzynska et a l . (1974), Lalic et a l . 
(1976). T his la tte r  study included a com parison of C . F . , D . l .D , , and I .S .T . 
in which it was found in a t r ia l  of 226 serum  sam ples from  cattle  m fected with 
F . hepatica that only 133 w ere  positive  by C .F . In addition C .F . gave 
fa lse  positive  re s u lts  in approxim ately  10% of sam ples te s ted . The authors 
th e re fo re  concluded that com plem ent fixation w as of lim ited  value in 
diagnosing F . hepatica infection in ca ttle . This is  in ag reem en t w ith many 
other au thors, th e re fo re  th is  te s t has not been widely used in diagnosis of 
fa sc io lia s is .
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C o u n te r-im m u n o -elec tro p h o resis . C .I .E .  has been used by severa l w orkers , 
including Nansen (1970) and Ben ex et a l . (1973). The la tte r , in studies on 
experim ental infections with F . hepatica in sheep, showed that infection was 
detectable at 3 weeks with th is  te s t . Van Tiggele and Over (1976) a lso  used
C .I .E .  to m onitor antibody levels in fasc io lias is  in both field infections and 
experim entally  infected sheep. They found C .I .E . to be m ore  sensitive  than
D .l .D .,  but suggested that quantitative determ inations by serum  dilution in 
C .I .E .  was too tim e con sum mg and recom m ended the use of P .H . w here 
quantitation of antibody w as d esired .
Double immunodiffusion. D. 1. D. along with other form s of ag ar gel diffusion 
has been widely used for the diagnosis of fa sc io lias is . Studies using these 
techniques include those by:- U rquhart et a l . (1954); Cuperlovic and Lalic 
(1970); Kapp-Burzynska et a l . (1971, 1973); H orchner (1973); Doyle (1973b); 
H illyer (1976), Van T iggele and Over (1976). Kapp-Burzynska et a l . (1971) 
rep o rted  that D .l.D . gave 54% positive re su lts  in na tu ra lly  infected cattle , 
while Doyle (1973b) found that p rec ip ita ting  antibodies w ere f ir s t  detected at
2 - 4  weeks post infection in experim entally  infected calves and found that 100% 
of sam ples analysed w ere positive . H orchner (1973) suggested that agar gel 
p ro ced u res  gave b e tte r re s u lts  in sheep than in ca ttle . G enerally D .l.D . 
w as rep o rted  to be re liab le , in that few false positive reac tio n s  occurred , but 
on the o ther hand sensitiv ity  of the te s t was found to be low.
Enzym e-linked im m unosorbent a ssay . E . l . i . s . a .  f ir s t  described  by Engvall 
and Perim ann (1971) has now been applied to a wide range of helm inth and 
protozoan d iseases  (Voiler et a l . , 1976). Recently E . l . i . s . a ,  was used 
in the d iagnosis of bovine fa sc io lias is  by G relck and H o rch ie r (1977).
Tliis study employed frozen sections of F . hepatica as antigen and 
com pared the re la tiv e  m e rits  of E . l . i . s . a .  and F .A .T . in d iagnosising
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fa sc io lia s is  in n a tu ra lly  infected ca ttle . It was rep o rted  that F .A .T . was 
m o re  sensitive  than E . l . i .  s . a . ,  but the au thors suggested that because of 
the rap id ity  of the E . l . i . s . a .  te  clinique and its  requ irem en t for only very  
sm all volum es of serum , it w as w ell suited for routine qualitative te stin g  of 
bovine serum  for fa sc io lia s is .
F luo rescen t Antibody T e s t. F .A .T . has been frequently used for sero log ica l 
diagnosis of fa sc io lia s is . Studies using F .A .T . include those by;- M ovsesijan 
and Borojevic (1970); M ovsesijan (1971); Benex et a l. (1973); Borojevic et a l. 
(1973); F lagstad  and E riksen  (1974); Person (1974); Horclm er et a l . (1976); Hanna 
and Ju ra  (1977). M ovsesijan and Borojevic (1970) dem onstrated, that
F .A .T ,  detected antibodies to F . hepatica 2 weeks a fte r experim ental 
infection. This was in ag reem ent with Benex et a l. (1973) who obtained a 
r i s e  in antibody t i t r e  a t a s im ila r tim e a fte r experim ental infection of lam bs 
w ith F . hepatica . In a study of n a tu ra lly  infected cattle  H orclm er et a l .
(1976) showed that 87% of infected an im als w ere detected by F .A .T . w ith only 
4% fa lse  positives.
In traderm al Skin T e s tm g . I .S .T . has received  a considerab le  amount of 
in te re s t as a diagnostic aid in bovine fa sc io lias is . Doyle (1973c) c a rr ie d  out 
I .S .T . in experim entally  infected calves using a lip id -free  antigen and 
found tha t I .S .T . was positive as early  as 3 weeks post infection; the size  
of the weal e lic ited  in c reased  w ith the duration of infection, but could not be 
co rre la ted  with e ith e r the m agnitude of the acquired fluke burden or to 
re in fec tion . Q uiroz et a l . (1973) m a study of 155 ca ttle  n a tu ra lly  infected 
w ith F . hepatica rep o rted  that the skin te s t was positive  in 96. 7% of a ll 
ca ttle  positive by faecal exam ination. H orchner (1973) suggested that I .S .T . 
w as one of the sero log ica l m ethods p rac tica l for la rg e  sca le  field investigations
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of fa sc io lia s is . However, he pointed out that antigen was not yet available in 
sufficient quantities for such a p ro jec t. Falagiani et a l. (1973) repo rted  that a 
crude ex trac t of F . hepatica proved m ore  sensitive  in I .S .T . than other som atic 
and m etabolic an tigens. Blancou et a l. (1976), using a highly purified ex trac t 
of F . hepatica as  antigen com pared I .S .T . 'w ith C .F . and D .l.D . in bovines 
n a tu ra lly  infected with F . hepatica. and found that I .S .T . was the m ost sensitive  
teclinique, detecting 60% of an im als  found to be infected at m eat inspection, 
but the te s t a lso  gave positive reac tio n s  in a num ber of uninfected an im als. 
Latex Agglutination T e s t . L .A . was considered by H orclm er (1973) to be 
the sim plest and cheapest method for diagnosis of fa sc io lias is , but its  
sensitiv ity  req u ired  fu rth er study. H orchner et a l . , (1976) la te r  repo rted  that 
when L .A . was applied to the serum  of 504 anim als of wliich 32 w ere known 
to be infected, only 19 of the la tte r  gave a positive re su lt, and th e re  w ere  m ore  
than 20% false  positive re ac tio n s . Benex et a l . (1973) found that L .A . detected 
antibodies in the serum  of experim entally  infected sheep around 2 weeks after 
infection, w hereas C .I .E .  and D .l.D . did not detect antibodies until 3 weeks 
post infection. G ladysz-Paw lak (1977) repo rted  positive reac tio n s  in 81.7% 
of cattle  n a tu ra lly  infected with fa sc io lia s is . This com pared with 50 - 60% 
positive reac tio n s  using o ther diagnostic te s ts .
Passive H aem agglutination. P. H. has been extensively used in detecting 
fluke infections in both sheep and ca ttle . R oss et a l . (1966) repo rted  that 
positive t i t r e s  in P. H. occurred  4 weeks a fte r  experim ental infection of 
ca ttle  with F . hepatica . Poluektova (1975) found that 1 4 - 2 1  days a fte r 
experim ental infection of sheep with F . hepatica P .H , dem onstrated  
c ircu la tin g  antibodies. T h is  is  in ag reem ent with the fhidings of Benex et a l . 
(1973) who a lso  w ere  able to detect serum  antibodies by P .H . 2 weeks a fte r 
experim ental infection of sheep with F . hepatica. Satisfactory  re s u lts
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w ere  a lso  rep o rted  by Van T iggele and Over (1976) in one of the few sero log ical 
stud ies wliich attem pted to re la te  sero log ica l findings to the field situation, as 
w ell a s  reco rd in g  antibody t i t r e s  in experim entally  infected sheep and ca ttle .
In th is  la tte r  situation, in both species  P.H . t i t r e s  w ere f ir s t  detected a t 2 - 3 
weeks post infection. P .H . was a lso  found useful in diagnosing field infections 
in sheep at various levels  of infection (Van Tiggele and O ver, 1976) although some 
weak fa lse  positive reac tio n s  w ere rep o rted .
In sum m ary it em erged  from  these  various studies that D .l.D . , F .A .T . 
and P .H . w ere  re liab le  a ids to the d iagnosis of fasc io lias is  in sheep and cattle  
and that the E . l . i . s . a .  technique m erited  fu rth er study, p a rticu la rly  in ovine 
fa sc io lia s is  w here the te s t has yet to be a sse ssed . T herefo re , in the p resen t 
experim ents P.H . and E . l . i . s . a .  w ere  used to quantitate c ircu lating  antibody 
levels, while D .l.D . was used a s  a qualitative te s t.
Serum  T ran s fe r  and F . hepatica Infection»
Although th e re  have been a la rg e  num ber of investigations into the 
hum oral resp o n se  to F . hepatica infection, th e re  have been re la tiv e ly  few 
re p o r ts  concerning any p ro tec tive  effects conferred  by the antibody produced.
In th is  connection it is  pertinen t to exam ine the w ork of D argie et a l .
(1973); A rm our and Dargie (1974) and Hayes et a l . (1974 a) & c) ).
The fo rm er au tho rs  w ere  able to tra n s fe r  im m unity to F . hepatica in r a ts  
using serum  from  different dom estic  species as well as donor r a ts .  Thus 
serum  from  fluke infected cattle , sheep and ra ts  conferred  a significant 
degree of p ro tection  against challenge with F . hepatica , when injected 
in trap erito n ea ily  into the r a t .  However, it was pointed out that th is 
p ro tec tive  effect w as a function of the volume of serum  injected  and the tim e 
of in jection. It w as a lso  observed that pro tection  in c reased  w ith the volume
of serum  wliich was a dm in i s ire d  in traperitonea ily  sim ultaneously with, and 
two days a fte r fluke challenge.
T hese findings w ere supported by Hayes et a l. (1974 a) & c) ), 
who w ere a lso  able to p ro tec t r a ts  from  F . hepatica infection by 
in trap e rito n ea l injection of serum  from  infected donor r a ts .  T hese la tte r  
au tho rs  confirm ed that serum  tra n s fe r  w as only p ro tec tive  if c a rrie d  out at 
the sam e tim e as challenge infection. It was a lso  noted that the tra n s fe rre d  
serum  had an "all or notiiing" effect, in that flukes surviving the action of 
tra n s fe rre d  serum  w ere in no way inhibited in th e ir  developm ent. While 
a s s e r tin g  that th is  evidence of passive  im m unity m ust be in p a rt due to serum  
antibody, the au thors took the view that o ther fac to rs  e . g . , " tra n sfe r  fa c to r" : 
the leucocyte d ia lysate  described  by L iburd et al. (1972), Maddison et a l . 
(1976) which w ill be d iscussed  la te r , may a lso  be im plicated  in th is  p ro tec tive  
effect.
It m ust a lso  be m entioned at th is  juncture  that other au thors, notably 
W ikerhauser (1961) in studies involving tra n s fe rrm g  im m une bovine serum  
to guinea pigs, and Hughes (1962) using immune rabb it serum  tra n s fe rre d  to 
m ice, rep o rted  fa ilu re  of pass iv e  tra n s fe r  to influence, in any way, F . hepatica 
infection.
The functional effects of im m une serum  on F . hepatica featured 
la rg e ly  m a num ber of in te re s tin g  stud ies, including those by Lang (1974, 1976) 
and Howell e t  a l. (1977).
The effects of im m une and n o rm al se ra  on the v iability  of young flukes 
tra n s fe rre d  to norm al rec ip ien t m ice  w ere  exam ined by Lang (1974). It was 
reco rd ed  that incubation of young F . hepatica up to 24 days old for 4 hours in 
im m une m ouse se ra , followed by in trap erito n ea l tra n s fe r  to norm al m ice, 
re su lted  in a significant reduction  in fluke burden com pared to trea tm en t with
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heat activated  im m une se ra  and n o rm al serum .
The sam e author (Lang, 1976) a lso  m vestigated  the effects of m ouse 
a n tise ra  against p roducts from  the incubation of juvenile F . hepatica , and 
vras able to dem onstrate  that such a n tis e ra  debilitated m ig rating  flukes m 
rec ip ien t m ice, thus reducing  host m o rta lity  and fluke reco v ery .
A combination of som e of the in vivo and in v itro  techniques 
m entioned above was described  by Howell et a l. (1977). T his illum m ating 
piece of w ork rep o rted  that significant protection against infection 
w ith F . hepatica was con ferred  on naive r a ts  by the passive  tra n s fe r  of serum  
from  infected r a t s .  T his im m une serum  did not have a pronounced effect 
on the m o rta lity  of m e ta c e rc a r ia e  in v i t r o , yet its  p resen ce  was associated  
w ith the form ation of a p rec ip ita te , containing ra t  antibody, on the surface  of 
m e ta c e rc a r ia e  m aintained in cu ltu re  m edium . M etacerca riae  m aintained in 
cu ltu re  m edium  containing im m une serum  failed to develop. The authors 
w ere  quick to  add the prov iso  tha t th e re  a lso  appeared to be im pairm ent of 
developm ent in m e ta ce rc a r ia e  m aintained in the p resen ce  of no rm al serum  and 
s tre ss e d  that a s  yet no re la tionsh ip  had been estab lished  in vivo between 
p recip itin  form ation and im paired  viability  of m e ta ce rc a r iae .
In the p resen t studies serum  from  F . hepatica infected cattle  and 
sheep was employed m passive  tra n s fe r  studies in the r a t ,  in an attem pt to 
c o rre la te  the re la tionsh ip  between antibody production and pro tec tive  im m unity,
C ell-m ediated  Imm unological Studies
The re la tionsh ip  between F . hepatica infection and cell m ediated 
im m unity has been the subject of a wide range of investigation both in vivo 
and in v itro .
E xperim ents m v itro  stem m ed from  the early  work of Lang et a l . (1967)
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in the m ouse. T hese au thors dem onstrated  that the tra n s fe r  of peritoneal 
exudate ce lls  from  isologous donors not only caused a m ore  rap id  response to 
infection in te rm s  of lo ss  of weight and white blood cell levels than con tro ls, 
but a lso  re su lted  in a significant reduction in num bers of flukes recovered  
a fte r challenge infection. On the b a sis  of th e  tim ing  and degree of lymphocytic 
in filtra tio n s  in, and the M stopathology of liv e rs  of m ice im m unised in th is  way 
it w as suggested that a delayed hypersensitiv ity  response  played a prom inent 
ro le  in the im m unity stim ulated . The opinion was exp ressed  that such a 
re sp o n se  preceded a non-specific  a lle rg ic  inflam m ation (with polym orphonuclear 
leucocytes as the dominant ce ll) and accom panying s trik ing  biochem ical 
changes in the liv e r environm ent which compelled the flukes to m ig ra te  to the 
common bile  duct. T his theory  was put forw ard to explain e a r lie r  m igration  
of flukes in m ice im m unised w ith peritoneal exudute ce lls .
Shortly a fte r th is study, w ork by Dodd and O’Nuallain (1969) highlighted 
the ro le  of cell m ediated im m unity in F . hepatica infection. T hese 
experim ents w ere  designed to investigate  the effect of inhibition of the norm al 
ce llu la r resp o n se  on the reactio n  caused by flukes m ig rating  tlirough the liv e rs  
of experim entally  infected rab b its . A n ti-rabb it lymphocyte serum , 
p rep a red  e ither in the sheep or horse  w as used to inhibit the ce llu lar resp o n se . 
The re s u lts  of these  experim ents dem onstrated  that a ll rab b its  which had 
received  anti-lym phocytic s e ra  e ith e r of ovine o r equine origin died from  
acu te  hepatitis following challenge w ith 200 F . hepatica m e ta c e rc a r ia e .
The ce llu la r resp o n se  in the a re a  of m ig rating  flukes in the liv e rs  of such 
rab b its  was m inim al com pared w ith control rab b its  none of which died 
during the 28 days followmg challenge. L iver M stopathology in rab b its  
wMch received  anti-lym phocytic serum  indicated that only a m inim al 
attem pt was m ade e ith e r to contain the flukes or re p a ir  the dam age they had
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caused com pared with control rab b its  which rem ained  healthy and mounted on 
in tense cellu lar reaction  against m ig ra tin g  flukes. The au tho rs  concluded that 
the norm al ce llu la r re sp o n se  is  e ssen tia l in lim iting  the dam age caused by 
F . hepatica as it m ig ra te s  tlirough the liv e r  parenchym a
T hese findings w ere  supported by those of F lagstad  et a l . (1972 ) 
who m onitored the cou rse  of experim ental F . hepatica infection in Black Pied 
Danish cattle  of F r ie s ia n  descent which had a spontaneous defect in cell-m ed ia ted  
im m unity. T his study reco rd ed  the apparent inability of calves w ith a functional 
and m orphological thym us defect to mount a specific resp o n se  to F . hepatica 
infection as  evidenced by absence of p e rip h era l eosinophilia, lack of skin te s t 
reac tion  to fluke antigen a fte r infection, and dim inished ce llu la r reac tio n  to 
m igrating  F . hepatica in the liv e r . This work em phasised the im portance of 
the cell-m ediated  immune reaction  in the response  of the no rm al anim al to 
F . hepatica infection.
D irect evidence that im m unity to F .hepatica could in fact be tra n s fe rre d  
using  ce lls  of the lymphoid s e r ie s  was f ir s t  provided by Corba et a l . , (1971). 
T hese  experim ents indicated that lymphoid cells  from  ra ts  experim entally  
infected with F . hepatica when tra n s fe rre d  to isologous rec ip ien ts  could 
confer a high degree of pro tection  (60-100%) against a challenge infection.
F o r re s is ta n c e  to be conferred  a m inim um  period of 8 w eeks infection of 
donors was requ ired  before  tra n s fe r  of ce lls , p resum ably  to allow for 
rec ru itm en t of sufficient num bers of suitably prim ed c e lls . A s im ila r re su lt 
(80% protection) was obtained when lymphoid cells  from  a ca lf experim entally  
infected with F . hepatica w ere tra n s fe r re d  to its  monozygous twin.
C ontem poraneous stud ies by S incla ir (1971b) described  attem pts to 
tra n s fe r  re s is ta n c e  to  F . hepatica in sheep with lymph node and spleen
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hom ogenates. T hese  experim ents provided no evidence of re s is ta n c e  in te rm s  
of estab lishm ent or effects of F . hepatica infection in sheep given hom ogenates 
of lymphoid c e lls . R etarded  developm ent of flukes was reco rd ed  in sheep given 
hom ogenates of lymphoid ce lls  from  infected sheep, but a lso  in an im als given 
placebo ce lls  from  non-infected an im als. The author considered that a non­
specific hom ograft type reaction  was involved which n e ce ssa rily  invalidated 
any im m unological conclusions drawn from  th is work.
However fu rth e r studies by A rm our and D argie (1973) confirm ed 
successfu l tra n s fe r  of im m unity to F . hepatica by lymphoid ce lls . The 
re s u lts  of these  experim ents a lso  indicated that the degree of the antigenic 
stim ulus im parted  to rec ip ien t an im als was im portant, as the adoptive 
tra n s fe r  of lymphoid ce lls  from  donors w ith high fluke burdens ( 7 - 8  flukes) 
con ferred  sig iifican tly  g re a te r  pro tection  than ce lls  from  ra ts  harbouring 
only a few flukes. The au thors d iscussed  the possib le  ro le  of the tra n s fe rre d  
lym phocytes and suggested that lym phocytes sen sitised  against p a ra s itic  
antigens (and perhaps autoantigens form ed in the damaged liv e r) in itia ted  a 
ce ll-m ed ia ted  type of im m unity by congregatm g at s ite s  of antigen deposition, 
thus trig g erin g  an inflam m atory  response  capable of destroy ing  the p a ra s ite  
and dam aging hepatocytes. This theory  broadly agreed with that of Lang et a l .
(1967) who w ere of the opinion that acquired  immunity in m urine  fa sc io lias is  
was expressed  as a delayed type hypersensitiv ity  reac tio n . T hese experim ents 
(A rm our and D argie, 1973) a lso  dem onstrated  that serum  from  infected donor 
r a ts  was protective when tra n s fe rre d  to rec ip ien t ra ts ,  w hose liv e rs , unlike 
control r a ts  w ere com pletely n o rm al. It was th e re fo re  suggested that both 
humoral and cell m ediated m echanism s w ere involved m acquired im m unity to 
F . hepatica, the la tte r  possib ly  acting as  a second line of defence.
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As w ell as  the in vivo studies described  above a num ber of in v itro  
stud ies have been c a rr ie d  out by various authors into the ro le  of cell m ediated 
im m unity in F . hepatica infection in various species.
Aalund and Nansen (1972) and Aalund et a l . (1972) repo rted  a 
significant inhibition of m igration  of p e rip h era l leucocytes from  liv e r fluke 
infected rab b its  when tested  w ith both whole fluke ex trac t and an egg antigen 
of F . hepatica . A period  of approxim ately  4 weeks stim ulation of m igration  
occurred  before the phase of m igration  inhibition wliich occurred  between 
42 and 105 days a fte r F . hepatica infection.
An in te restin g  se r ie s  of studies was undertaken by Genclii et a l . (1973), 
Genchi and S a rto re lli (1974) in which p e rip h e ra l leucocytes from  F . hepatica 
infected ca ttle  w ere investigated  in v itro . This s e r ie s  of studies examined 
the re la tiv e  am ounts of h istam ine re le a se d  by, and m igration  inhibition of 
leucocytes from  non-infected and fluke infected ca ttle . The re su lts  of the 
f ir s t  study (Genchi et a l . , 1973) showed that significantly m ore  liistam ine 
w as re le ase d  by leucocytes from  ca ttle  infected with F . hepatica . a fte r 
incubation w ith F . hepatica antigen, than by cells  from  uninfected ca ttle . In 
addition the m igration  inhibition te s t (M .I.T . ) was positive in 71 out of 80 cattle  
infected with F . hepatica , and negative in 40 uninfected ca ttle . A la te r  study 
(Genchi and S a rto re lli, 1974) indicated that h istam ine re le a se  from  leucocytes 
of non-infected cattle  previously  sen sitised  with fluke antigen was in c reased  
by exposure of such ce lls  to p lasm a from  fLuke-infected an im als.
The au thors in te rp re ted  these  re su lts  in the following w ay:-
a) that a sero log ica l facto r possibly of a reag in ic  na tu re  may be 
responsib le  for the re le a se  of h istam ine from  sen sitised  leucocytes and that 
th is  may be im portan t in an im m ediate type hypersensitiv ity  reaction  in
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F . hepatica infection. This finding is  in agreem ent with the work of Jarred : 
(1972), who dem onstrated  that F . hepatica infection in the r a t  resu lted  in a 
d ram atic  potentiation of the reag in  response  to ovalbumin in sensitised  ra ts .
b) that the positiv ity  of the M .I .F .  im plicated ce llu lar fac to rs  
responsib le  for a delayed type hypersensitive  response .
On these  grounds the au thors concluded that the immune resp o n se  to 
F . hepatica in cattle  had both hum oral and ce llu la r components and should be 
considered "h ite rm ed ia te"  in type.
F u rth e r evidence of the ro le  of cell m ediated immunity in F . hepatica 
infection w as furnished by Bolbol et a l . (1974), and Bolbol and Sewell (1975) in 
studies on antigen induced in v itro  transfo rm ation  of p e rip h e ra l lym phocytes 
of rab b its  infected w ith F . hepatica. It w as rep o rted  that lym phocytes of 
rab b its  infected with F . hepatica transfo rm ed  in resp o n se  to an antigen p resen t 
in a supernatant ex trac t from  hom ogenised, packed adult flukes, as m easured  
by uptake of tr itia ted  thym idine (H3) by the ce lls . The antigen stim ulated  the 
ce lls  to incorpora te  a t le a s t 6 tim es as m uch tr itia ted  thym idine as o ther 
ce lls  cu ltured  in the absence of antigen.
S im ilar w ork was c a r r ie d  out by E riksen  (1975) using the goat as an 
experim ental host for F . hepatica infection. She investigated the resp o n se  of 
p e rip h e ra l blood leucocytes from  goats infected experim entally  with F . hepatica, 
to  antigen p rep ared  with whole fluke ex trac t in the hope of dem onstrating  
m igration inhibition. However, no significant d ifference was reco rded  in the 
m igration  index between infected goats and con tro ls. Although the goat is  
reg ard ed  as a very  suscep tib le  host for F . hepatica in the opinion of the author 
(E riksen, 1975) it was unsuitable for im m unological studies possibly because 
of its  very  poor re s is ta n c e  and a lso  because the blood of the norm al goat contains 
a high percen tage of lym phocytes, undesirab le  in leucocyte m igration  stud ies.
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F . hepatica Infection and Im m unosuppression
The work of Corba and Spaldonova (1974, 1975) and S inclair (1968,
1974) investigated  the re la tionsh ip  between im m im osuppression and F . hepatica 
infection in r a ts  and sheep re sp ec tiv e ly . Both studies w ere concerned with 
the action of various pharm acologically  active compounds, m ost of wdiich a re  
im m unosuppressive, on experim ental infections with F . hepatica.
The fo rm er stud ies (Corba and Spaldonova, 1974, 1975) investigated  
the im im m osuppressive effects of chloram bucil, cyclospham ide, azath ioprine, 
am ethopterine and a co rtisone  deriva tive  of betam ethasone on the developm ent 
of experim ental F . hepatica infection in the ra t .  E a r lie r  m igration  of flukes 
to the  common bile duct and e a r l ie r  onset of egg production, took p lace in 
r a t s  tre a ted  with these  drugs, com pared to control r a ts .  Pathological changes 
m the liv e r w ere  le s s  m arked  in tre a ted  r a ts ,  but th e re  was an in c reased  
pathogenicity of m e ta c e rc a r ia e  re su ltin g  in a higher m orta lity  ra te  within 
tre a te d  groups. The adm in istra tion  of im m unosuppressan ts ne ither 
influenced the to ta l num ber of flukes developing, nor the appearance of 
eosinphilia in the p e rip h e ra l blood of tre a ted  r a ts .  These findings w ere in 
broad agreem ent w ith those of S incla ir (1968, 1974) who reco rded  the effects 
of co rtico ste ro id  and the am ine antagonist prom ezathine hydrochloride on the 
resp o n se  of sheep to experim en tal F . hepatica infection. In accord  with 
the work of Corba and Spaldonova (1974, 1975) in the ra t , adm in istra tion  of 
co rtico ste ro id  to sheep re su lted  in acce lera ted  growth of the flukes.
However, in sheep, unlike the ra t ,  the d rug  a lso  caused a v irtu a l abolition 
of the c h a rac te ris tic  p e rip h e ra l eosinophllia and hypergam m oglobulinaem ia, 
(S inclair, 1968), but enhancem ent of the pathogenic effects of the fluke as 
evidenced by severe  traum atic  hepatitis, occurred  to the sam e extent as in 
the ra t .
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The re su lts  of trea tm en t with prom ezathine hydrochloride (S inclair, 
1974) w ere strik ing ly  d ifferen t. T his compound had an overa ll attenuating 
effect on the pathogenicity of the liv e r flukes. T his w as apparent in the 
delayed onset of liveweight lo ss  and le s s  severe  liv e r dam age in tre a ted  
sheep, in te rm s  of consisten tly  low er levels  of p lasm a glutam ate 
dehydrogenase (GLDH). Prom ezathine trea tm en t like co rtico ste ro id  therapy 
inhibited the in itia l developm ent of p e rip h e ra l eosinophllia. The author 
explained Ms findings in te rm s  of suppression  by the drug  of the inflam m atory  
resp o n se  to m igrating  p a ra s ite s . He fu rth er speculated that the lack  of 
p e rip h e ra l eosinopM lia may be due to  blockage of re le a se  of am ines which 
may m ediate the hypersensitiv ity  re sp o n se  in wMch these  ce lls  have a p a rt, 
and a lso  that re le a se  of such pharm acologically  active am m es may play a 
prom m ent ro le  m the n a tu ra l re s is ta n c e  of sheep to F . hepatica infection.
Evidence for the p rim ary  involvem ent of the host im m une system  in 
im m unosuppression was furn ished  by two in te re stin g  studies, re fe r re d  to 
e lsew here  m th is  tex t, in ca ttle  and in the rabb it respec tive ly , into the 
co u rse  of F . hepatica infections in an im als with a natural, o r a rtif ic ia lly  
im paired  immune system .
The fo rm er w ork described  the course  of experim ental F» hepatica 
infection in Black P ied  Danish C attle wMch had a deficient ce llu lar im m une 
system  due to a genetic defect. Such cattle  w ere unable to mount a specific 
ce llu lar resp o n se  to experim en tal F . hepatica infection and failed to show 
e ith e r p e rip h e ra l eosm opM lia or in trad e rm a l reaction  to fluke antigen. At 
post m ortem  the ce llu la r reac tio n  to m ig rating  flukes in the liv e r was g rea tly  
reduced in te rm s  of num bers of lym phocytes, neutropM ls and eosinopM ls 
p resen t. In a ll affected calves th e re  w as an acce lera ted  growth of liv e r
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flukes and patency occu rred  e a r l ie r  than in other an im als although th e re  was 
no in c rease  m the absolute num ber of flukes reco v ered .
T h is c lin ical and pathological p ic tu re  w as strik ingly  s im ila r to that of 
rab b its  in jected w ith anti-lym phocytic se ra  before and dur mg experim ental 
infection w ith F . hepatica (Dodd and O’Nuallain, 1969). All rab b its  trea ted  
in th is  way had died within 27 days of infection, w hereas a ll control rabb its , 
s im ila rly  challenged with 200 F . hepatica m e ta ce rc a r iae  survived the length 
of the experim ent. At post m ortem  rab b its  given anti-lym phocytic serum  
w ere  found to have acute hepatitis  w ith subcapsular haem orrhages. M icro ­
scopically  ce llu la r in filtra tion  into m igxating fluke tra c ts  in the liv e r was 
m inim al com pared w ith the in tense ce llu la r reac tion  in the liv e rs  of control 
rab b its .
The m ost d ire c t evidence of im m unosuppression in F . hepatica 
infection w as provided by Goose (1976) who suggested that im m unosuppression 
m ay affect the longevity of F . hepatica in some species . T hese experim ents 
w ere  c a r r ie d  out in the ra t ,  and it w as reco rded  that r a ts  infected with 
F . hepatica , a s  well as  r a ts  in jected  in traperitonea lly  w ith e x c re to ry /se c re to ry  
(E .S . ) antigens of F . hepatica produced a significantly low er haem agglutinin 
resp o n se  to a T  dependent antigen, nam ely, sheep re d  blood ce lls  (SRBG).
It w as fu rth er rep o rted  that the n u m bers  of spleen plaque form ing ce lls  to 
SRBG was a lso  significantly  low er in F . hepatica m fected r a ts .  In the 
au th o r 's  opinion these  findings may in p a rt explain the p e rs is te n c e  of F .h ep a tica  
in r a ts  re s is ta n t to challenge infection (Goose and M cG regor, 1973), and 
possibly  in c reased  suscep tib ility  of fluke infected ca ttle  to m vasion by 
Salm onella dublin (Aitken et a l . , 1976).
In sum m ary it was felt that the ro le  of im m unosuppression in
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F . hepatica infections m erited  som e attention and consequent provision was 
m ade in the p resen t stud ies.
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SECTION V
COMPARATIVE HOST RESISTANCE TO F . HEPATICA INFECTION
It has been w ell estab lished  by various au thors: R oss (1966 b), 1967 a),
b) and c); Boray (1967 a), 1969); Doyle (1971, 1972, 1973); Nansen (1975);
Van T iggele and Over (1975) that cattle , unlike sheep a re  able to develop 
som e re s is ta n c e  to F . hepatica m fection. Possible rea so n s  for th is  d ifference 
w ere  investigated  in com parative studies of experim ental fa sc io lias is  in 
ca ttle , sheep and pigs described  by R oss (1967 a ) )  who concluded that 
com pared to  sheep, cattle  showed in c reased  fib ro sis , m inim al or absence of 
liv e r cell regenera tion  in resp o n se  to p rim ary  infections, re su ltin g  in 
re s tr ic tio n  and inhibition of p a ra s ite s  m ig ra tin g  in the liv e r parenchym a. 
E xcessive fib ro sis  and calcification  of the bile ducts w ere p resen ted  as  
additional fac to rs  which reduced  the possib ility  of c lin ical d isease  occu rrin g  
in ca ttle . These conclusions w ere  based  on a s e r ie s  of studies by the author 
into the response  of ca ttle  to experim en tal infection with F . hepatica .
The f ir s t  of those ea rly  studies investigated  the course  of single 
p rim ary  experim ental infections in calves (Ross et a l., 1966), the 
life  span of F . hepatica following single infections (Ross, 1968) re in fec tions 
(Ross, 1966b), and acquired  im m unity in cattle  (Ross, 1967 a) b) & c). The 
in itia l study (Ross et a l . , 1966) of experim ental infections in calves of
200, 300 and 1300 m e ta c e rc a r ia e  dem onstrated  that a percen tage of each 
infection w as re ta rd e d  in the liv e r  parenchym a as long a s  23 weeks a fte r 
infection. In the sam e y ear R oss (1966b)described an investigation mto 
rein fection  in which calves, p rev iously  infected with 200 m e ta ce rc a r iae  
w ere challenged e ith e r 3 or 18 weeks la te r  with 300 m e ta c e rc a r ia e . A 
re s is ta n c e  to challenge w as evidenced by a reduction in the m ean to tal
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percen tage  of flukes estab lished  to 17% in both re in fected  groups com pared w ith 
31% in groups given a p rim ary  infection. The author rep o rted  that in the 
group challenged 18 weeks a fte r  in itia l infection the second infection re su lted  
in a c lea ran ce  of the in itia l patent infection from  the bile  ducts, and fu rther 
suggested that th is  was an exam ple of the phenomenon of "se lf-cu re"  previously  
rep o rted  in Haemonchus c ont or tu s infections in sheep (Stewart, 1950). The 
te rm  "acquired  se lf-cu re"  w as suggested as m ore  app ro p ria te  in th is  case, as 
the self-cure  was induced, as opposed to  occurring  n a tu ra lly . Tliis study 
a lso  drew attention to the fact that following secondary challenge infections, 
m ig ra tm g  p a ra s ite s  in the liv e r parenchym a w ere m ore  prone to in Mbit ion of 
developm ent than in com parable  single infections. F u rth e r evidence for the 
theory  of "acquired se lf -c u re "  in bovine fasc io lias is  w as provided by the sam e 
author (Ross, 1968) in a study of the life span of F . hepatica infections in 
ca ttle . It was reco rd ed  that w ith low level single infections of around 200 
m e ta c e rc a r ia e  75% of those would be lo s t between the 5th and 21st month a fte r 
infection but in la rg e r  experim ental infections between 2 ,500 and 15, 000 
m e ta c e rc a r ia e  the surv ival tim e was reduced to around 6 - 7  m onths. W here 
challenge infections w ere  involved the life  span of infection could be as  short 
a s  4 - 5 m onths, and in th is  situation the "acquired se lf -c u re "  phenomenon 
with a tu rnover of the adult fluke population was though to be involved.
The view s of R oss (1966b) on "acquired  se lf-c u re"  w ere contested by 
Boray (1969) who suggested that such an expression  should only be used for a 
c lea rly  im m unological phenomenon and tM s may not be justified  in the case  
of bovine fa sc io lia s is . The sam e author a lso  exp ressed  the view that 
re s is ta n c e  to fa sc io lia s is  in ca ttle  w as due to an im m ediate tis su e  reaction , 
wMch along with a chronic reactio n  including sev ere  fib ro sis  and bile  duct 
calc ification  re su lted  in the form ation of m echanical b a r r ie r s  to infection.
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The author could find no convhicing evidence of an im m une reaction  wMch 
would influence challenge infections in ca ttle . This is  in d irec t contradiction 
to the view s of D argie et a l . (1973, 1974) who concluded that im m une reac tio n s  
w hich m ay include hum oral, ce llu la r and hypersensitive  com ponents w ere 
operative  in the acquisition  of re s is ta n c e  to F . hepatica in ca ttle .
Qualified support for the view s of R oss (1966 b), 1967) was exp ressed  
by Doyle (1971, 1972, 1973a) who dem onstrated  that calves developed im m unity 
both to single experim ental infection (Doyle, 1972) and reinfection  (Doyle, 1971). 
The f i r s t  study in th is  s e r ie s  (Doyle, 1971) provided significant evidence that 
ca ttle  previously  exposed to adult stages of F . hepatica , by v irtu e  of 16 week 
old infections, developed im m unity to reinfection  in agxeem ent with the 
findings of R oss (1966 b), 1967) and Boray (1967 a), 1969). Doyle (1971)
also  concluded in fu rth er agreem ent with R oss (1968) that cattle  do not 
m ain tain  a population of flukes derived from  an in itia l infection, but that th e re  
is  a significant lo ss  of th ese  flukes, accom panied by a fall in faecal egg output. 
R oss (1968) had described  such a fall in faecal egg count of infected calves 
8 m onths a fte r m fection w ith F . hepatica associated  w ith a 75% reduction in 
the fluke population, between the 5th and 21st month of infection. However, 
Doyle (1971) described  the lo ss  of 83% of the fluke population, derived from  a 
single infection, between 16 and 30 w eeks a fte r infection, a ssoc ia ted  w ith a 
d ec rea se  in faecal egg output over th is  period . T his d iscrepancy was explained 
by Doyle (1971) in te rm s  of d ifferent levels  of infection (Doyle (1971) used 
750 m e ta c e ra c r ia e  and R oss (1968) 200 m e taceca riae ), different tim es of 
infection and possibly the fact that the experim ents of R oss (1968) involved
very sm all groups of calves.
Doyle (1971) dem onstrated  that only 16% of the fluke burden reco v ered  
from  calves given a single infection v/ith 750 m e ta ce rc a r iae , was reco v ered
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from  calves re in fec ted  with 1, 650 m e ta ce rc a r iae  which had received  a s im ila r  
in itia l infection. Tliis is  in c lose  agreem ent with the fhidings of R oss (1966 b)), 
although the author (Doyle, 1971), suggested that in R o ss ’s study (1966b)) the fact 
that control calves for the in itia l infection w ere killed considerably  before the 
re in fected  calves, may account for the apparent reduction in the in itia l fluke 
population recovered  from  the re in fec ted  calves, which form ed the b asis  of the 
"acquired se lf -c u re "  theory .
D oyle 's second study (1972) dem onstrated  a significant reduction in 
the fluke burden of calves killed  24 weeks a fte r infection w ith a sm gle 
experim ental dose of m e ta ce rc a r iae , com pared w ith that of a s im ila rly  
infected gxoup killed a t 4 w eeks a f te r  infection. The author a lso  dem onstrated  
a  reduced biological activ ity  of the flukes, as indicated by a fall in faecal egg 
counts, accom panied by a fall in S .G .O .T . levels and a r i s e  in m ean serum  
album in levels, p r io r  to th e ir  expulsion.
F u rth e r studies by Doyle (1973a) w ere d irec ted  tow ards investigating 
the re la tionsh ip  between duration of a p rim ary  infection with F . hepatica and 
subsequent developm ent of acquired  re s is ta n c e  to infection, in calves. He 
dem onstrated  a significant re s is ta n c e , a s  evidenced by a 75% reduction in 
fluke burden, com pared w ith once infected an im als, to  reinfection  w ith 1, 300 
m e taceca riae  in calves infected 12 w eeks previously  w ith 750 m e ta ce rc a r ia e . 
However, he was unable to obtain re s is ta n c e  in calves s im ila rly  re in fected  
7 w eeks a fte r in itia l infection. It was concluded that the degree of re s is ta n c e  
conferred  to rein fection  w as re la ted  to the duration of the in itia l infection. These 
findings w ere consisten t with the e a r lie r  work of Boray (1967) and Doyle (1971). 
Doyle (1973) a lso  noted that in th is  study an "acquired se lf-c u re "  as  described  
by R oss (1966b) did not occur, a s  a considerable num ber of adult flukes from  the 
in itia l infection w ere s till p re sen t in re in fected  an im als. The author went on to
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d iscuss possib le  m echanism s of acqu ired  re s is ta n c e  to re in fec tion . These 
included the m eclianical b a r r ie r  theory proposed by Boray (1967 a), 1969) due to 
the degree of fib ro sis  and cholangitis p resen t, as described  e a r l ie r  in th is  
section, and also  the theory  of acquired  im m unity p e r se . In tliis connection 
the author cited w ork by Corba et a l . (1971) in tra n s fe rr in g  im m unity to 
fa sc io lias is  w ith lymphoid cell suspensions using identical twin calves.
This study noted that a m inim um  of 8 w eeks exposure to infection was 
req u ired  for successfu l tra n s fe r  of im m unity to be induced, in the absence of 
adult p a ra s ite s . Doyle (1973a) suggested that th is  tim e factor may be n ece ssa ry  
to  allow the host to  mount a com petent immune resp o n se  from  the lim ited  
lymphoid stim ulus as  young fluke p ass  quickly tlirough the gut w all.
F u rth e r inform ation on the acquired  im m unity to bovine fa sc io lia s is  
was provided in studies in the N etherlands by Van T iggele and Over (1975) on 
the in teraction  between p rim ary  infections and re in fec tio n s. T his work 
investigated th ese  in te rac tio n s  using th ree  different infection schedules as 
follows: long in te rv a l re in fec tions of 6 or 12 months; short in te rva l 
re in fec tions of 3, 6 or 9 w eeks and finally single infections at d ifferent lev e ls .
It em erged from  the in itia l study using long periods (6 or 12 m onths) 
between infections, firstly , that d ifferent ra te s  of fluke expulsion occurred  
in d ifferen t age groups of an im als, older an im als appearing  to expel flukes 
m o re  quickly. However, the au thors pointed out that th is  evidence was not 
conclusive because of high v arian ce  between sm all groups of an im als. T his 
study a lso  concluded that im m unity to rein fection  a t 12 m onths was dem onstrab le, 
but not at 6 m onths a fte r p rim ary  infection, at which tim e only a slow er 
developm ent of flukes could be shown. An incidental finding of in te re s t in th is  
study (Van T iggele and Over, 1975) was a sharp  in c rease  in faecal egg count
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1-2 m onths a fte r reinfection of calves at 12 months a fte r a p rim ary  infection. The 
author suggested that th is was due to re ta rd ed  flukes from  the f irs t infection 
recom m encing  developm ent. T h is, of cou rse , d irec tly  con trad icts  R oss (1966 b) 
whose postulated "acquired se lf -c u re "  depended on re in fec tm g  flukes causing 
lo ss  of the in itia l infection. This study a lso  dem onstrated  a degree of 
re s is ta n c e  to tr ip le  infection w ith 6 monthly in te rv a ls .
The second study in tliis s e r ie s  employed sh o rte r in te rv a ls  of 3, 6 and 
9 w eeks between infections. An in te re s tin g  re su lt of th is  regimen, of infection 
w as that calves re in fec ted  at 3 w eeks and 6 weeks w ith 1, 000 m e ta ce rc a r iae  
a f te r  p rim ary  infections of 1, 000 m e ta ce rc a r iae  showed enhanced egg output 
com pared w ith calves singly infected w ith 1, 000 m e taceca riae . In both cases  
detection of eggs in faeces occurred  e a r l ie r  than following a p rim ary  infection.
The au thors  co rre la ted  these  findings w ith sero log ica l studies employing 
com plem ent fixation and passive  haem agglutination. Antibody t i t r e s  a fte r 
re in fection  w ere  found to be generally  higher than a fte r p rim ary  infection and 
it w as suggested that th is  m ay be asso c ia ted  with the enhanced developm ent 
of ex isting  infection m entioned above.
The final study in th is  s e r ie s  u tilised  3 d ifferent p rim ary  infections 
v iz :- 1,000 norm al m e ta ce rc a r iae , 10, 000 "norm al" m e ta ce rc a r iae  and 
1,000 m e ta c e rc a r ia e  encysted in 2 % g lucose solution. It was assum ed that 
the m e ta ce rc a r iae  encysted in 2 %  g lucose w ere  "h ig h -en erg ised ”, although 
th is  w as not backed up by biochem ical analy sis  and likely to re su lt in good 
synchronisation of infection. This was supported by the fact that the "g lucose” 
m e ta c e rc a r ia e  gave sharp , early  peaks in S .D .H . and G .G .T . lev e ls . On the 
evidence that norm al m e ta c e rc a r ia e  gave sev era l peaks of liv e r enzyme levels and
other p a ra m e te rs , it was suggested that tliis was due to desynchronisation of 
infection. It was fu rth er postulated  that if a " b a r r ie r"  is  e lic ited  by f ir s t
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invading flukes against a fu rth e r infection, th is  " b a r r ie r"  would be encoim tered 
by slow er invading flukes, which could e ither m ig ra te  round th is  " b a r r ie r"  
thus extending it, or w ait for the " b a r r ie r "  to be lif te d .
In sum m ary  it was concluded that im m unological in te rac tio n s  
occu rred  in bovhie fa sc io lia s is  not only between p rim ary  and secondary 
infections, but a lso  between "slow" and "fast"  flukes derived  from  one sm gle 
infection.
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SECTION VI
THE ROLE OF FIBROSIS IN IMMUNITY TO .FL,.HEPAXLGA 
In view of the speculation reg a rd in g  the ro le  of fib ro sis  as a m echanical 
b a r r ie r  to F . hepatica infection and reinfection  it is  p e rtin en t,a t tin s stage, to 
rev iew  the re levan t subject m a tte r to  date.
Among the m ultitude of opinions expressed  on th is  subject a re  those 
of the following au thors: U rquhart (1956); R oss et a l. (1967 b); S inclair
(1967); Dow et a l . (1967, 1968); Kendall et a l . (1967); Boray (1967a) Kendall 
and S inclair (1971); Doyle (1972); E riksen  and F lagstad  (1973); Rushton 
et a l . (1974); D argie et a l. (1974, 1975); M urray and Rushton (1975); M urray 
and A rm our (unpublished data); W ensvoort (1975); Isse ro ff et a l . (1977);
Rushton and M urray (1977).
The fib ro sis  accom panying chronic Buke infection was f ir s t  described  
in detail by U rquhart (1957) who described  a five-fold p ro c e ss  wliich included 
healing of fluke tra c ts , chronic cholangitis and other p ro life ra tiv e  changes on 
the periphery  of healed fluke t ra c ts ,  re su ltin g  in c ir rh o s is  in the liv e rs  of 
experim entally  infected rab b its . S im ilar descrip tions of fib ro sis  m chronic 
F . hepatica infection in sheep, cattle  and pigs w ere provided by R oss (1967 a) & b), 
1968). In the opinion of the la tte r  author the essen tia l basis  for d ifferences 
in im m une sta tu s  to F . hepatica infection of cattle , sheep and pigs lay in the 
fib rous n a tu re  of the various liv e rs . It was postulated that because the 
liv e r of ca ttle  is  m ore fibrous than in the sheep and a lso  because th e re  is  an 
apparently  g re a te r  fib rob lastic  resp o n se  in cattle  than in sheep, cattle  may 
have m ore  innate host re s is ta n c e  than sheep to F . hepatica infection . T his 
view was supported by Boray (1967a), in studies on experim ental fa sc io lias is  
in cattle , who considered  tliat the sev ere  fibro tic  reactio n  in the liv e r of
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infected cattle  p resen ted  a physical b a r r ie r  to establislm ient of a fu rther 
population of flukes, and that th is  was the b asis  of re s is ta n c e  to F . hepatica 
ex p ressed  in ca ttle . F u r th e r support for tliis view w as exp ressed  by 
Kendall and S inclair (1971), w orking in the rabb it. The opinion was expressed  
that p revious infection w ith F . hepatica was partly  resp o n sib le  for an effect 
on the liv e r environm ent, de trim en ta l to invading flukes, i .e .  that a physical 
b a r r ie r  to re infection  had been se t-up .
This theory w as contested by a num ber of au thors , notably E riksen  and 
F lagstad  (1974 a) & b); D argie et a l . (1974 a) & b); M urray and Rushton (1975). The 
f i r s t  nam ed au thors (E riksen and F lag stad , 1974 a) & b) working in the ra t dem on­
s tra ted  50% protection  to challenge w ith F . hepatica in ra ts  im planted subcutaneously 
w ith adult flukes. These au thors pom ted out that the liv e r of p ro tected  an im als 
showed no pathological change, which precluded the m volvem ent of any physical 
b a r r ie r  to infection such as  fib ro sis , and suggested the possib le  involvem ent of 
im m unological m echanism s. The findings of tliis study w ere  confirm ed and 
extended by D argie et a l . (1974 a) & b), who recorded  that active im m unisation 
p ro ced u res  achieved considerab le  lev e ls  of protection to challenge with 
F . hepatica , in r a ts ,  sheep and cattle , com pletely independent of hepatic 
fib ro s is . T his w ork described  a num ber of different types of fib ro sis  
o ccu rring  in experim ental studies of chronic ovine fa sc io lias is , and rep o rted  
that fib ro sis  may occur at som e d istance from  fluke t r a c ts  and may a lso  be 
m ore  m arked  in case s  of re in fec tion , wliich is  in ag reem ent with the findings 
of Rushton (1977) who found delayed fluke m igration  to the bile ducts with 
consequently g re a te r  fib ro tic  change in the liv e rs  of re in fec ted  sheep.
D argie et a l . (1974 a) & b) suggested that certa in  form s of fib ro sis  may be due to an 
im m une reaction  e ither of a hum oral or ce llu la r n a tu re  possibly  d irec ted  
against the liv e r . T his was supported by the work of Rushton (1976) who
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dem onstrated  auto-antibodies in sheep experim entally  infected with F . hepatica. 
T hese antibodies w ere shown to re a c t agam st sheep liv e r and other tis su e s , 
although they w ere n e ith e r organ nor species specific . The sam e author 
(Rushton, 1977) subsequently observed, in studies involving reinfection  w ith 
F . hepatica in experim entally  infected sheep, that a facto r, possibly of im m uno­
logical origin, influenced the p ro g re ss  of flukes through the liv e r parenchym a. 
F u r th e r  weight to the argum ent for im m unological involvem ent in re s is ta n c e  to 
F . hepatica infection w as added by M urray and A rm our (unpublished data p resen ted  
at Lelystad, 1975), T hese  w o rk ers  speculated that an im m unological hyper­
sensitiv ity  m echanism  may be operative in the aetiology of fib ro sis  in experim ental 
bovine fa sc io lias is . It was fu rth er suggested that the eosinophilic phlebitis found 
in infected bovine liv e rs  may be of im m unological origin, and may lead to 
diffuse fib ro sis  in re in fec tion .
A fu rth er theory  reg a rd in g  the possib le  m echanism s of fibro tic  
change in chronic F . hepatica infection was provided by W ensvoort (1975). In 
a study of chronic F. hepatica infection in cattle  the author described  various 
fo rm s of fib ro sis  o ccu rring  in th is  form  of the d isea se . He suggested that 
f ib ro sis  may re su lt from  functional changes in the liv e r physiology 
accom panying infection. One of the functional effects described  was 
ch o les ta sis  due to obstructive  p ro c e sse s  or tis su e  d eb ris . It was suggested 
tha t tem p o rary  periods of ch o les ta sis  may provide a locus for a re a s  of 
concentric  fib ro sis , and if  in te rm itten t cho lestasis  occurred  in various lobes 
of the liv e r th is  would contribute to a diffuse fibrotic change. Recent 
support for the theory  that liv e r changes may be induced ind irec tly  by 
F . hepatica infection in co n trast to the findings of E rik sen  and F lagstad  
(1973) was provided by Isse ro ff et a l . (1977) in experim en tal studies in  
r a ts .  T his work showed that b ilia ry  changes could be induced by adult
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F . hepatica im planted in trap erito n ea lly . The author suggested that such 
changes m ay be induced chem ically .
55
SECTION VII
.ARTIFICIAL IMMUNISATION IN F . HEPATICA INFECTION
In view of the immunity developed by som e anim al species to 
F , hepatica infection it seem s logical that it may be possib le  to induce im m unity 
to F . hepatica by a r tif ic ia l m eans, and indeed many different vaccination 
reg im es  have been devised to th is  end. These w ill now be d iscussed  under 
the th ree  broad headings outlined below.
V accination w ith Live P a ra s ite s  in A bnorm al Sites
Studies using  tliis im m unisation reg im e include those by Lang and 
Dr on en (1972); F o rtm ey er (1973, 1974); Goose and M cGregor (1973); Hughes 
et a l . (1975, 1976 a) & b), 1977a); E rik sen  and F lagstad  (1974 a) & b); 
A nderson et a l . (1975).
The f ir s t  of th ese  stud ies by Lang and Dr on en (1972), exam ined 
the  re s is ta n c e  conferred  by flukes of d ifferent ages when tra n s fe rre d  from  
infected m ice to no rm al rec ip ien t m ice . The authors w ere  able to re p o rt that 
im m unisation w ith 8 and 16 day old flukes produced a significant reduction in 
fluke burdens in m ice given a challenge infection of 2 m e ta ce rc a r iae , com pared 
w ith contro l m ice given a s im ila r  challenge infection. F rom  the re su lts  of 
th is  w ork it appeared  that young flukes w ere capable of inducing acquired 
im m unity during the e n tire  liv e r m igration  period .
S im ilar studies in the rabb it by F o rtm ey er (1973, 1974) 
docum ented the effects of d ifferen t ro u tes  of infection w ith m e ta ce rc a r iae , 
nam ely o ra l and in trap erito n ea l, on the subsequent developm ent of a challenge 
infection with F . h epatica .
The f ir s t  of these stud ies (F ortm eyer, 1973) indicated that 
rab b its  receiv ing  an o ra l p rim ary  infection followed by an o ra l challenge
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infection had considerab le  reductions in fluke burdens com pared to control 
ra b b its . T his was not the case  in o ra lly  infected rab b its  challenged 
in traperitonea lly  wliich showed no such reduction . The author in te rp re ted  
th is  as evidence to support the theory that two kinds of im m une m echanism s 
w ere  involved in F . hepatica infections, one occu rring  in the m testinal wall, 
and the other during the m ig ra to ry  phase .
Hughes et a l . (1975, 1976 a) & b), 1977a) a lso  exam ined immunity 
induced by p a ra s ite s  m troduced by abnorm al rou tes , but used adult flukes as 
opposed to m e ta c e rc a r ia e . In the f ir s t  of a num ber of s im ila r experim ents, 
adult living F . hepatica w ere  im planted into the subcutaneous tis su e s  of ra ts  
(Hughes et a l ., 1975). When im planted r a ts  w ere  challenged orally  with 
20 m e ta c e rc a r ia e  a significant reduction  in fluke burden was dem onstrable 
com pared w ith control r a ts .  The next study in th is  s e r ie s  com pared the 
re la tiv e  immunogenic m e rits  of subcutaneously im planted flukes w ith o ra l 
adm in istra tion  of m e ta c e rc a r ia e  (Hughes et a l ., 1976 a) & b). In th is study 
challenge with adult F . hepatica was c a rr ie d  out e ither subcutaneously or 
in trap erito n ea lly . The au thors rep o rted  ora l sensitisa tion  with norm al 
m e ta ce rc a r iae  to be the m ore  effective method of im m unisation, but added that 
the full expression  of im m unity, as re g a rd s  killing  of adult flukes, was only seen 
in ra ts  challenged in trap eritonea lly .
A quantitative a sse ssm e n t of the re la tiv e  value of the two vaccination 
reg im es  described  above, in te rm s  of percen tage  m o rta litie s  of adult flukes 
of the challenge infection was p resen ted  by Hughes et a l .(1976b). It appeared 
that r a ts  im m unised by p r io r  exposure to  an o ra l infection w ith m e ta ce rc a r iae  
killed  71% of an in trap erito n ea l challenge with adult F . hepatica , com pared 
with 23% in ra ts  sen sitised  by im plantation of adult flukes. The salien t 
fea tu re s  of the ability  of im m unised r a ts  to Icill F . hepatica w ere  described
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by Hughes et a l . (1977a). T h is ab ility  w as exp ressed  re g a rd le ss  of the source  
of challenge flukes, was independent of the num ber of flukes p re sen t in the bile 
ducts of im m unised r a ts ,  and developed within 2 weeks of an o ra l F . hepatica 
infection, i . e .  while the sen s itis in g  infection was s till  m ig ra ting  tlurough the 
liv e r  parenchym a. T hese  au tho rs , in ag reem en t with Lang and Dr on en (1972), 
concluded that antigens a sso c ia ted  with im m ature  stages may be m ore  im portan t 
than those of adult F . hepatica in im m unisation.
Confirm ation of the p ro tec tive  influence of subcutaneously im planted 
adult F . hepatica on subsequent challenge infection was provided by E riksen  
and F lagstad  (1974 a) & b) ) and A nderson et a l . (1975). The fo rm er stud ies 
involved su rg ica l im plantation of adult F . hepatica obtained from  sheep, goats 
and cattle  into the subcutis of r a ts .  Immunity was dem onstrab le  in im m unised 
r a ts  in te rm s  of a reduction in the num ber of F . hepatica estab lished  in 
im planted ra ts  com pared w ith co n tro ls .
V accination with Somatic or M etabolic E x trac ts  of F . hepatica
A num ber of w o rk e rs  have employed various d ifferent p a ra s itic  
e x tra c ts  in an a ttem pt to produce im m unity against F . hepatica in d ifferent 
an im al species, including K e rr and Petkovich (1935); U rquhart et a l . (1954); 
Shibanai et a l , (1956); Babadzhanov and Tukhm anynts (1950); E rshov (1959); 
Hughes (1962, 1963 ); Geyer (1967); R oss (1967 c), Dragneva (1972); K ozar (1974); 
S incla ir and Joyner (1974); Lalic et a l . (1976); Lang (1976); Lang and Hall (1977). 
Notable among the early  studies in th is field is the work of U rquhart et a l . (1954) 
on im m unisation of rab b its  against F . hepatica usm g an a lum -p rec ip ita ted  
p ro te in  ex trac t of the p a ra s ite , injected in tram u scu larly . Tliis vaccination 
p rocedu re  did not reduce fluke recovery  com pared with control an im als, but 
did produce inhibition of developm ent of the flukes, hi the ophiion of the 
au th o rs  a hypersensitive  re sp o n se  may have been trig g ered  by the im m unisation
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procedu re , a s  re flec ted  in the exaggerated  ce llu la r reaction  to the p a ra s ite s  
in the liv e rs  of vaccinated ra b b its . O ther au thors (K err and Petkovic, 1955; 
Shibanai et a l . , 1956; R oss, 1967 c); S inclair and Joyner (1974) a lso  rep o rted  
a m easu rab le  acqu ired  im m unity to F . hepatica in rab b its  using e x trac ts  of 
adult fluke, wMle o th ers  w ere  unable to confirm  th is finding (Healy, 1955; 
Hughes, 1962, 1963; T horpe and Broome, 1962; L alic , 1976). Dragneva (1972) 
w as a lso  unable to obtain a significant degree of im m unity in rab b its  im m unised 
w ith lipid “free  ex trac ts  or lyophilised homogen at es of F . hepatica, but did 
re c o rd  im m unity in rab b its  hyper im m unised w ith m etabolic antigens of the 
fluke.
In sheep E rshov (1959) claim ed to have produced imm unity using  a 
p o ly sacch arid e  album en com plex antigen, but Hughes (1962), was unable to 
substan tia te  tliis finding using  a s im ila r technique, R oss (1967 c) was able to 
dem onstra te  a slight degree of re s is ta n c e  to  challenge in sheep vaccinated 
subcutaneously and in tram u scu larly  w ith ex trac ts  of im m ature  flukes, in 
te rm s  of re ta rd a tio n  of fluke developm ent and decreased  fluke recovery , 
although it was pointed out that the reduction in fluke reco v ery  in the vaccinated 
sheep following challenge was le s s  than that in calves following experim ental 
challenge infection.
The sam e author (Ross, 1967c)used a s im ila r technique in an attem pt 
to  vaccinate calves against F . hepatica infection, and was able to re p o rt a 
reduction  in fluke reco v ery  and re ta rd a tio n  in fluke developm ent following 
vaccination p ro ced u res .
A num ber of vaccination techniques employing p a ra s itic  ex trac ts  
have a lso  been c a rrie d  out in the labo ra to ry  model of F . hepatica in the ra t  
and m ouse. An in te re s tin g  study by Kozar (1974), exam ined the effect of 
im m unising r a ts  with antigens obtained from  the h ite rm ed ia te  host. The
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au th o rs  in jected  r a ts  w ith whole-body antigens of Galba ( Lym naea) truncatu la  
o r Lym naea tom eut osa and subsequently challenged w ith F . hepatica m e ta c e rc a r ia e  
obtained from  one or other snail sp ec ie s . Reduction in m tensity  of infection was 
observed a s  w ell a s  reduction in pathological changes in the liv e r and inhibition 
of fluke developm ent in vaccinated r a ts ,  com pared w ith con tro ls especially  when 
both antigen and m e ta c e rc a r ia e  w ere  of G .(L .)truncatula o rig in . It was 
concluded that snail host antigen occu rred  in m e ta ce rc a r ia e  and that F . hepatica 
w as phylogenetically b e tte r adapted to G. (L .) truncatula than to L. to m en tosa .
A lso in the labora to ry  m odel of fa sc io lia s is  Lang (1976) and Lang and Hull (1977) 
successfu lly  vaccinated m ice against F . hepatica m fection using  various 
p a ra s itic  p roducts . Lang (1976) in jected  m ice in traperitonea lly  with an antigen 
elaborated  from  the in v itro  m aintenance of juvenile flukes for a period  of 
24 hou rs. Mice in jected sev e ra l tim es  w ith th is m a te ria l and challenged 30 days 
la te r  w ith 2 m e ta ce rc a r ia e , w ere p ro tec ted  in te rm s  of reduction in m o rta lity  
and fluke reco v ery  com pared with con tro l m ice . The sam e author (Lang and 
Hall, 1977) rep o rted  a study of the im m unising effect of cu ltu re  antigens 
(Lang, 1976) and a crude sonicated ex trac t of juvenile flukes. Two injections 
w ith the cu ltu re  incubated antigen afforded the best pro tection  (up to  87.5%) 
reduction  in fluke recovery , com pared w ith con tro ls , although significant 
reductions in recovery  w ere  a lso  obtained in m ice given a single in jection.
A single injection of the sonicated fluke ex trac t re su lted  in an 86% reduction 
in fluke burden com pared with con tro ls . Double in jections w ith th is  m a te ria l 
reduced the fluke burden fu rth er, but in c reased  the m o rta lity  ra te .  It was 
suggested tliat th is  may be due to  a hypersensitiv ity  reac tio n  in view of the 
sev e re  pathological changes in the l iv e rs  of m ice tre a ted  in th is  way.
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Vaccination P rocedures involving Irrad ia ted  M etacercariae
Irrad iation  has featured  la rge ly  in a la rg e  num ber of studies by 
v ario u s  au thors over sev e ra l y e a rs , including Hughes (1962, 1963); Thorpe 
and Broome (1962); Lagrange (1963); Dawes (1964); Sokolic (1968); T ew ari 
(1970); Corba et a l. (1971); A rm our et a l . (1974); Kozar (1974); Nansen (1974, 
1975); H arness et al. (1975, 1976 a) & b), 1977); C liiriboga et al. (1976).
One of the e a r lie s t of th ese  studies (Thorpe and Broome, 1962) 
ind icated  that r a ts  vaccinated o ra lly  with ir rad ia te d  m e ta ce rc a r iae  developed 
a detectab le degree of re s is ta n c e  to challenge with norm al F . hepatica 
m e ta c e rc a r ia e . It was noted that a period  of 11 w eeks was req u ired  between 
vaccination and challenge, for any im m unity to develop.
S im ilar work by Hughes (1963) and Dawes (1964), however, in the m ouse 
failed to dem onstrate  any im m unity to challenge in te rm s  of e ith e r delayed 
m aturation  or reduced fluke burdens com pared with con tro ls, in m ice vaccinated 
o ra lly  w ith irrad ia te d  m e ta ce rc a r iae . T hese au thors challenged only 22 days 
a fte r vaccination, which may p artly  explain th is  d iscrepancy .
F u rth e r w ork in the lab o ra to ry  model of F . hepatica m fection in the 
m ouse w as c a rr ie d  out by H arness et al. (1975, 1976 a) & b), 1977 a) & b). The 
f ir s t  in th is  s e r ie s  of studies (H arness et al. 1975, 1976 a), described  im m unisation 
of m ice with 1 or 2 doses of 20 irrad ia te d  F . hepatica m e ta ce rc a r iae , followed 
by o ra l challenge w ith 100 norm al m e ta ce rc a r iae  3 w eeks la te r . It em erged 
that the num bers of im m atu re  flukes reco v ered  2 days la te r  from  the 
p eritoneal cavity of im m unised m ice was significantly  low er than those 
reco v ered  from  control m ice . T hese re su lts  w ere in te rp re ted  by the au thors 
a s  evidence for a p re -h ep atic  im m une response  operating  e ither in the 
in tes tin a l m ucus or the gut w all. On fu rth er exam ination of th is phenomenon
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(H arn ess  et a l ., 1976 b), 1977 a) th is  theory was d iscarded  in favour of an explanation 
along the following lines: that the d ifferences in num bers of flukes recovered  from  
vacinnated m ice com pared to con tro ls 2 days post-challenge was in fact due 
to  m ore  rap id  m igration  of the flukes from  the peritoneal cavity in the fo rm er.
Tills theory was based on the observation  that the num ber of flukes reco v ered  
from  the liv e rs  of vaccinated  and contro l m ice 12 and 14 days a fte r challenge 
w as s im ila r, indicating that no p ro tec tive  im m une m echanism  was operative 
in the intestine or p e ritoneal cavity . The effect of withholding the challenge 
infection in vaccinated m ice, until m atu rity  of the sen sitis in g  infection was the 
subject of subsequent stud ies by the sam e au thors (H arness e t. a l . , 1977 b). It 
w as c lea r that th is  ru se  re su lted  in abolition of the observed  in c rease  in 
m igration  ra te  to the liv e r  (H arness et a l ., 1976b), but a t the sam e tim e 
caused a reduction in the num bers of flukes recovered  from  the liv e rs  of 
vaccinated  m ice 14 days a fte r challenge. An ancillary  finding in th is  study 
w as that due to in c reasin g  m orta lity  th e re  was no advantage to be gained from  
dosing w ith m ore  than 2 m e ta c e rc a r ia e , if m ice with adult flukes in th e ir  
b ile  ducts w ere req u ired . T hese w o rkers  a lso  w arned of the danger of 
a sse ss in g  immunity in m ice given th is  num ber of m e ta ce rc a r iae , bearing  in 
m ind that one th ird  of the m ice w ill fail to becom e infected.
An in te re s tin g  s e r ie s  of studies by A rm our et a l. (1974) attem pted 
to vaccinate  r a ts  and calves using irrad ia te d  m e ta ce rc a r iae  adm in istered  
o ra lly . T hese w o rkers  reco rd ed  that r a ts  im m unised at weekly in te rv a ls  
w ith 2 or 3 o ra l doses of 20 K irrad ia te d  m e ta ce rc a r iae  becam e significantly 
re s is ta n t to subsequent challenge w ith 20 norm al m e ta ce rc a r ia e , com pared 
to control ra ts ,  in te rm s  of a reduction in fluke reco v ery . Following these  
p re lim in a ry  re s u lts  the sam e au tho rs  described  a s im ila r vaccination reg im e 
in ca ttle , and w ere able to dem onstra te  a 30% reduction in fluke recovery  in
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a group of 7 ca ttle  challenged 4 weeks post-vaccination , and a 70% 
reduction in a s im ila r num ber of cattle  challenged 8 w eeks post-vaccination , 
com pared w ith control ca ttle . The authors w ere quick to point out however 
that despite  these  m arked  reductions in fluke burdens in the la tte r  group of 
cattle , the liv e r lesions p resen t in th ese  an im als would certa in ly  have 
resu lted  in liv e r condem nation at m eat inspection.
Contem poraneous studies in cattle  by Nansen (1974, 1975) 
confirm ed the findings of A rm our et a l . (1974). The fo rm er author 
obtained a 71% reduction in fluke num bers recovered  from  calves vaccinated 
o rally  with irrad ia ted  m e tace rca r iae , com pared with control an im als.
Unlike the previous study, however, calves w ere not challenged orally  with 
norm al m e ta ce rc a riae , but w ere  turned out on to fluke-infected p astu re , 
following vaccination. In addition to reduced fluke burdens re s is ta n c e  in 
vaccinated calves was a lso  re flec ted  in the stab ility  of GGT levels com pared 
w ith control an im als.
In sum m ary , from  the v a rio u s  im m unisation reg im es tr ie d  to 
date, with the possib le  exception of the u se  of antigenic m a te ria l from  
in v itro  cu ltu re , which held out som e hope for the fu ture, the p ro sp ec ts  
for an effective fluke vaccine w ere  ra th e r  b leak. One of the m ajo r p roblem s 
is  that for any vaccine m a te ria l to  be successfu l, its  efficiency would 
n ecessa rily  have to  be 100%, for if  even a few flukes reached  the liv e r, 
th e ir  m ig ra to ry  ac tiv itie s  would n eu tra lise  any beneficial effect of the 
vaccine, a s  th is  would probably re su lt in liv e r condemnation a t the abatto ir, 
in addition to im paired  productivity  due to liv e r dam age.
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C H A P T E R  I I
MATERIALS AND METHODS
6 4
SECTION I 
MATERIALS AND METHODS
EXPERIMENTAL ANIMALS 
Sheep
Sheep used in these  experim ents w ere of the Finn--Dor set breed  
unless stated otherw ise, purchased  from  a local farm  and re a re d  indoors until 
10 - 12 weeks of age. A fter pu rchase  they w ere housed in concrete  pens 
cleaned out weekly and sheep w ere bedded daily on oat straw . All sheep 
w ere  fed hay and w ater ad libitum^ and in addition concen tra tes w ere offered 
at the ra te  of i  - J ib s  per sheep, tw ice daily . R egular exam ination of faecal 
sam ples proved consistently  negative for p a ra s itic  eggs o r la rv ae .
C alves
C alves used in these experim ents w ere c a s tra ted  m ales  of the 
F r ie s ia n  b reed  re a re d  indoors until 1 2 - 1 4  weeks of age, when they w ere  
obtained from  a local fa rm . A fter pu rchase  they w ere housed in concrete  
pens cleaned out weekly and calves w ere  bedded daily on oat straw . All calves 
w ere fed hay and w ater ad lib itum , and in addition concen tra tes w ere offered 
at the ra te  of 2 - 2J ib s  p e r calf, tw ice daily . R egular exam inations of faecal 
sam ples, p r io r  to the com m encem ent of any experim ents, proved consistently  
negative for p a ra s itic  eggs or la rv ae .
R ats
R ats  used in these  experim en ts w ere  m ales of the Hooded L is te r  s tra in
purchased  from  Animal Suppliers, Welwyn, H erts, England, when they w ere
between 150/200 g ram s in weight, un less o therw ise stated .
Weighing
All an im als w ere  weighed using an Avery scale  c o rre c t to 1 kg 
before  com m encem ent of any experim en ts.
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SECTION II 
HAEMATOLOGICAL ANALYSIS
Blood sam ples w ere  collected  weekly d irectly  from  the jugu lar vein, 
into both heparin ised  and unheparinised evacuated g lass  con tainers  (V acutainer 
No. 3204, Becton, Dickinson & C o ., R utherford, NJ, U .S .A .) . Sam ples collected 
in unheparinised tubes w ere  allowed to stand overnight on the labora to ry  bench. 
Serum  from  th ese  clotted sam ples was centrifuged at room  tem p era tu re , at 
3, 000 r .p .m .  for 20 m inutes in a M istra l 44 centrifuge (M easuring Scientific 
Equipm ent, London, England) and the supernatant pipetted into capped poly­
propylene tubes wliich w ere im m ediately stored  at -20^C. Sam ples collected  in 
heparin ised  tubes w ere used im m ediately  in haem atological de term inations.
Packed Cell Volume (P .C .V . )
The packed cell volume percentage was determ ined  by the m ic ro ­
ha em atocr it m ethod, using  a m icro liaem atocrit centrifuge and re a d e r
(Hawksiey & Son L td ., London, England).
Haemoglobin
The haemoglobin concentration was determ ined using the cyano-
haemoglobin technique as  described  by Hallmann (1966).
C ell counting
E ry th rocy tes  and leucocyte counts w ere  c a r r ie d  out using a C oulter 
counter (Model D) (Coulter E lec tro n ics  L td ., Dunstable, England).
Eosinophil counts w ere  perfo rm ed  on G iem sa stained blood sm ears ,
100 ce lls  w ere d ifferentia ted  in each count.
Haemoglobin typing
Before the com m encem ent of cross-im m un ity  experim ents the
haemoglobin type of experim ental sheep was c a rrie d  out by a m odification of
the method of Sm ithies (1955), a s  follows:
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Separation of haem oglobins by m ulti-m icroband  e lec tro p h o res is  
Solutions used
1. Stain 0.2%  Ponceau -S in 3% T rich lo ro -a ce tic  acid
2. Buffer A (p re-buffer) pH 9 .0  containing:
16.1 gm s. " T r i s ” (H ydroxym ethyl-am ino-m ethane)
1 .56  gm s. Disodium e th y len e-d iam in o -te tra -ace tic  acid (E. D.T. A. )
0 .93  gm s. Boric acid
1, 000 m is . D istilled  w ater
3. Buffer B (pH 8 .5 ) containing;
1 .8  gm s. Barbitone
10.3  gm s. Sodium barb itone
1, 000 m is . D istilled  w ater
4. W ash 5% A cetic acid
Method
Preparation  of tank
200 m is . of buffer B was poured into an e lec tro p h o resis  tank (Shandon 
Southern Instrum ents , F rim ly  Road, C am ber ley, Surrey), on a level 
lab o ra to ry  bench, ensuring  that the liquid level was the sam e in each co m p art­
m ent.
P reparation  of e lec tro p h o res is  s tr ip s
4 p ieces of filte r  paper (Whatman No. 1) w ere cut 8 cm . x 5 cm . for use 
a s  w icks. S trips w ere then floated (Shandon C elagram  E lec tro p h o res is  s tr ip s , 
78 x 150 mm) in the tank and allowed to soak for 5 m inutes before  blotting 
dry between clean t is su e s . S trips w ere then m arked fo r identification, on the 
bottom righ t-hand  side. Using a 1 m l. syringe 2 drops of d is tilled  w ater 
w ere  then placed on each location of the application p late .
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Application of the te s t sam ple
A sm all drop of the heparin ised  blood sam ples under te s t was then 
added to the d istilled  w ater, again using  a 1 m l, syringe. The syringe was 
washed sev era l tim es w ith d istilled  w ater, a fte r each application. The tee th  
of the app licato rs  w ere  then dipped into the sam ples, ensuring  that the whole 
a re a  of the groove in each tooth w as in contact with the sam ple.
E lec tr ophor etic separation
The app licato r was then applied vertica lly  to the s tr ip  about 2 .5  cm . 
from  the cathode end, and the s tr ip  p laced in the tank so that the ends o v e r­
lapped the w icks. The ro d s  w ere  then placed over the edges of the s tr ip s , and 
moved in a d irection  away from  the cen tre . The lids w ere  then rep laced  and 
the voltage set at 150v. a fte r  checking the po larity  of the tank.
W ashing and staining of s tr ip s
A fter 30 - 40 m inutes the s tr ip s  w ere  rem oved and tre a ted  a s  follows:
1, 5 m inutes in 5 %  T .C .A .
2. 5 m inutes in Ponceau -S in 3 % T .C .A .
The s tr ip s  w ere then w ashed w ith 5% acetic  acid until the background 
appeared  w hite.
D eterm ination of haemoglobin type
Haemoglobin type w as then determ ined  by com paring te s t s tr ip s  w ith 
those of sheep of known haemoglobin type.
SECTION III
BIOCHEMICAL ANALYSIS
Liver Enzym es - G lutam ate dehydrogenase (GLDH) and Sorbitol dehydrogenase 
(SDH) E stim ation
GLDH and SDH serum  activ ity  was estim ated  accord ing  to kinetic
m ethods using  Boehringer reag en ts  (Boelrringer & C o ., Bell Lane, Sussex,
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England). Spectrophotom etric m easu rem en ts  w ere  m ade at 340 mm on a Pye 
Unicam SPG50Ü spectrophotom eter (Pye Uni cam L td ., York S tree t, Cam bridge, 
England). Non specific creep  re a c tio n s  w ere  m easured  for each serum  sam ple 
analysed and the re su ltan t value a lte red  accordingly . Before each batch of se ra  
w ere  analysed the accuracy  of the te s t  method was checked using a Seronorm  
re fe ren ce  serum  (BDH C hem icals L td ., Poole, England). Only when the 
re fe ren ce  serum  value was within acceptable lim its  was determ ination  of 
unknown sam ples undertaken.
Gam m aglutam yl transpeptidase (G .G .T . ) Estim ation
Gam m aglutam yl tran sp ep tid ase  serum  ac tiv itie s  w ere  kindly c a rr ie d  
out by the U niversity  of Glasgow V eterinary  School, B iochem istry D epartm ent, 
using an LKB reaction  ra te  an aly se r at 37°C (LKB Instrum ents L td ., Addington 
Road, South Croydon, Surrey , England),
SECTION IV 
SEROLOGICAL ANALYSIS
P repara tion  of F . hepatica lipid free  ex trac t (L .F .E . )
Mixed m a tu re  and im m atu re  flukes collected from  sheep liv e rs  w ere 
chopped finely w ith s c is s o rs .  A fter b lotting dry th is  m a te ria l was weighed 
into U niversal bottles in 2 gm am ounts and free ze -d ried  overnight in a freeze  
d r ie r  (Speedivac, Edw ards Vacuum Components, Sussex, England). The 
following day approxim ately  5 m is of cooled diethyl ether was added to  each 
bottle and the m ix tu re  hom ogenised in a S ilver son hom ogeniser (Silver son 
M achines L td ., London, England) a t -15°C (using dry ice) for 3 perio d s  of 
approxim ately  20 seconds. The e ther was decanted a fte r centrifugation for 
10 m inutes a t 2 ,500 r .p .m .  and -20^C, and the res id u e  d ried  by suction from  
a vacuum pump. 5 m is of 0 . 15M PBS pH 7.2 was then added to each bottle
6 9
and the contents hom ogenised, on ice, in a S ilver son hom ogeniser for 3 periods
of 20 seconds, and the homogenate obtained ex tracted  overnight in 0.15M  PBS
pH 7 .2  a t 4°C on a m agnetic s t i r r e r .  The ex trac t was then centrifuged at
2 ,500 r .p .m .  and 4°C for 30 m inutes, the supernatant decanted and sto red  at 
o-20 C. The sedim ent was resuspended  in a fu rther 5 m is of 0 . 15M PBS 
(pH 7 .2 ) and the p ro c e sse s  of hom ogenisation, ex traction , and centrifugation 
repeated  a s  described  above. The second supernatan t obtained w as decanted, 
pooled with the f ir s t ,  centrifuged at 2, 500 r .p .m .  and 4°C then u ltracen trifuged  
a t 20, 000 r .p .m .  in 4°C and s te r ilis e d  by passage  through 0.45 and 0 .22  u 
M illipore filte r  (M illipore UK L td . , Abbey Road, London) when a s te r ile  
p rep ara tio n  was req u ired . The pro te in  content of the ex trac t was estim ated  
by the method of Lowry et a l. (1951) before  being finally dispensed in app ro p ira te  
aliquots, and sto red  a t -20^G until req u ired .
Enzym e linked im m unosorbent a ssay  ( E . l . i .  s .a .  ) for analy sis  of ovine serum
T his  te s t w as used in a m ic ro titre  system  a s  d escribed  by R uitenberg  
et a l. (1975). It was chosen in itia lly  because of its  sensitiv ity , cheapness and 
re la tiv e  sim plic ity . The antigen used was a lip id -free  ex trac t ( L .F .E .)  of 
F . hepatica p repared  as previously  described . F o r use in the te s t L .F .E .  was 
diluted to a suitable concentration in sodium carbonate buffer (0.1 M) pH 9. 6. 
Antigen coating
The assay  w as perfo rm ed  a s  follow s:- d isp o sab le , flat bottomed 
m ic ro titre  p la tes  (Dynatech L a b s ., Sussex, England. Batch No. M.129A) 
w ere  coated w ith antigen by adding 150.nl of the dilution of antigen requ ired  to 
each of the 96 w ells and incubating a t 37^G for 1 hour. P lates w ere  then covered 
and placed overnight in a re fr ig e ra to r  a t 4^G. The following day the p la tes 
w ere  em ptied and washed 3 tim es with a solution of 0. 85% saline containing 
0.05% Tween 20.
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Addition of anti serum  and conjugate
W ashing was c a rr ie d  out using a 50 m l syringe, and between each, w ash 
p la tes  w ere allowed to stand on the bench for 2 - 3  m inu tes. 150jul of an an ti­
serum  appropria te ly  diluted in 0 . 15M PBS pH 7. 2 containing 0. 05% Tween 20 
w as then added to each w ell and the p la tes  again incubated a t 37°C for 1 hour.
At the end of th is  period  p la tes  w ere  again washed as described  above and 
150j i l  of an app rop ria te  dilution of rab b it-an ti-sh eep  IgG conjugated to 
h o rse rad ish  peroxidase (H .R .P .O .)  (Nordic Im m unochem icals, M aidenhead, 
B erkshire, England. ) in 0.15 M PBS pH 7. 2 containing 0.05% Tween 20 was 
added to each w ell.
S ubstra te  P reparation  and Use
A fter a fu rth er period of one hour incubation at 37°C, w ashing was 
again c a r r ie d  out as  described  above, and 150 jil  of an ap p ro p ria te  su b stra te , in 
th is  case  o rtho-phenylene-d iam ine (O .P .D .) was added to each w ell. Tins 
su b stra te  was p re fe rre d  to the m o re  commonly described  5 Amino salicy lic  
acid  (5AS), because re s u lts  with the la tte r  w ere  inconsisten t. O .P .D . was 
p rep ared  a s  fo llow s:-
35 m gs O .P .D . was dissolved in approxim ately 95 m is  of pho sp h ate / 
c itra te  buffer (P.G .B . pH 6 .0 ). The solution was then filte red , using W hatm an’s 
No. 1 filte r  paper, 0.167 m l of Hydrogen peroxide (H2O2 ) was added and the 
solution m ade up to  100 m is w ith P .G .B . pH 6. 0, During p repara tion  the 
su b stra te  was p ro tected  from  the light as much as  possib le .
R eading of the T est
30 m inutes a fte r addition of the su b stra te  to the p la tes, the reaction  
w as stopped by adding 0.025 m l of IM  A ris ta r sulphuric acid (H2SO4 ) to 
each w ell.
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The te s t was read  using 10 mm m icrocuvettes in a spectrophotom eter 
(Pye Unicam SP 600, Pye Unicam L td ., Pork S tree t, Cam bridge, England) at 
460 m m .
C oncentration of R eagents
F or analy sis  of ovme serum  antigen was used at a concentration of 
5,jug pro te in  N /m l, perox idase  conjugate was diluted 1:1000 and se ra  w ere 
diluted 1:50.
C ontrols for E . l . i .  s .a .
F o r each te s t c a rr ie d  out con tro ls w ere  se t up accord ing  to the 
following schedule:-
F . hepatica F . hepatica N orm al
ovine
serum
Conjugate S ubstra te
L .F .E .
infected 
ovine serum
P o sitiv e -se ru m  control + + - + +
N egative-serum  control + - + L f
Conjugate control f - - F 1
S ubstra te  control L
■ ■
Standardisation of R esu lts
It w as found that, in th is  E . l . i .  s .a .  system , th e re  was a v a ria tion  in 
absorp tion  values for the sam e se ra , not only between d ifferent batches of 
m ic ro tr ite  p la tes, but a lso  between individual m ic rotite p la te s . Tliis was 
presum ably  due to d ifferen t antigen - bin ding capacities of the p la te s . To
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circum vent th is problem  the E . l . i .  s. a. re su lts  w ere expressed  re la tiv e  to a 
standard sco re  of 1 .0  absorbance for a known positive se ru m . In each case 
the value for the conjugate contro l was subtracted  from  the value for each 
te s t serum , before its  final value was calculated . In o rd er to confirm  that 
consisten t values for te s t s e ra  w ere  obtained the value of a positive re fe ren ce  
serum  was m easu red  on each p la te .
Indirect ha em agglutinât ion te s t ( I .H .T .)
Fixation of Red C ells
Ovine e ry th ro cy tes  w ere  fixed by a m odification of the teclinique of 
H erbert (1967), using g lutaraldehyde. F resh ly  collected ovine red  blood cells  
w ere  washed 3 tim es in 0 .15 M PBS pH 7 .2 . 25% glutaraldehyde n eu tra lised
with 10% sodium carbonate , diluted 3: 2: 10 by volume in PBS pH 8. 0 and 0.85%
(N) saline was added to a 50% suspension of e ry th rocy tes, slowly with constant 
s t ir r in g  over sev e ra l hours, using a p e ris ta ltic  pump, in an ice-b ath . The
m ix ture  was s t ir re d  overnight at 4^C on a m agnetic s t i r r e r ,  and the following 
day the ce lls  w ere filte red  through an opened gauze swab to rem ove g ro ss  
d eb ris . The fixed ce lls  w ere then washed 4 tim es in 0 .15 M PBS pH 7. 2, 
being thoroughly resuspended between each wash, and m ade up to a 1% suspension. 
10 m l. aliquots of ce lls  w ere  then tra n s fe rre d  to U niversal bo ttles.
Tanning and Coating of Red C ells
10 m is . of tannic acid solution (5 m g/50 m l. 0 .15 M PBS pH 7 .2 )  was
o
added to each U niversal and the m ix tu re  incubated for 15 m inutes at 37 C.
A fter washing in 0.15 M PBS pH 7 .2  the ce lls  w ere  p recoated  by m ixing equal 
volum es of a 2% cell suspension with 0.5%  bovine serum  albumin. (B .S.A . ) in 
0 .15 M PBS pH 7. 2 B .S .A . was rem oved by washing in 0 ,15 M PBS pH 7, 2 , 
and antigens w ere attached by adding 0 .2  m l of fluke L. F . E, containing
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6 .5  m g pro tein  N /m l (prepared  as previously  described) to a 1% solution of 
ce lls  in PBS pH 6 .4  before incubation a t 37^C for 30 m inu tes. Antigen coated 
ce lls  w ere  then washed 3 tim es in 0.15 M PBS pH 7 .2  containing 1% norm al 
rab b it serum  (N .R .S .) .
Inactivation and A bsorption of Rabbit Serum
N .R .S . was previously  inactivated at 56°C for 30 m inutes and 
absorbed  at room  tem p era tu re  for 30 m inutes with one q u a rte r of its  volume 
of a 2 % suspension of ce ll from  the sam e batch as those being coated.
E quilibration of Red C ells
A fter was Inn g ce lls  w ere  incubated overnight with s tir r in g  at 37^C 
to fac ilita te  settling  of the ce lls , a s  described  by Van T iggele and Over (1976), 
and s to red  at 4°C in 0 .15 M PBS pH 7. 2 containing 1% inactivated and absorbed 
(I & A) N .R . S . , until req u ired .
Preparation  of Serum for T est
Before use in the te s t a ll s e ra  w ere inactivated at 56°C for 30 m inutes 
and absorbed  on the bench for 30 m inutes in a 1: 10 solution of tanned uncoated 
ce lls  from  the sam e batch.
M icro titre  T est System
S eria l dilutions of s e ra  in 0.15%  PBS pH 7 .2  with 1% N .R .S . beginning 
at 1: 20 w ere  m ade using m ic ro titre  equipm ent (Dynatech L a b s . , Sussex, 
England) V bottomed m ic ro titre  p la tes  w ere employed and 0.025 m l drops 
of ce lls  and serum  dilutions w ere  titra te d  together.
Reading of the T est
End points w ere read  a fte r incubation on the bench for 16 hours.
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C ontro ls for I .H .T .
Known positive and negative serum  contro ls w ere  titxated for each 
batch of te s t s e ra .
Double immunodiffusion (D .I.D .)
Immunodiffusion in an a g a r-g e l m edium  was c a rr ie d  out as fo llow s:- 
P reparation  of agar - 500 m is of 2 %  A gar was p rep ared  by adding 10 gm s Oxoid 
No. 2 agar to 250 m is barb itone ace ta te  buffer pH. 8 .6  (B.A.B. ) diluted in an 
equal volum e of d istilled  w a te r . 100 m gs m erth io la te  was added to the m ix tu re  
which was heated to approxim ately 80^C and dispensed in 50 m l flat m edical 
b o ttle s .
P reparation  of B arb itone-acetate  Buffer (pH 8.6) (B .A .B .) 1 l i tr e  of B. A. B.
was p rep ared  by d isso lv ing  10, 31 gm s sodium barbitone together with 4 .1  gm s 
sodium aceta te , 1.342 gm s d ie thy lbarb itu ric  acid and 100 m gs m erth io la te . 
Before use the buffer was filte red  using Whatman No. 1 f il te r  paper.
P reparation  of Gel Layer
A 2 %  solution of agar in B.A .B. as described  above was heated to 
m elting point in a steam  bath. This solution was then allowed to cool to 
approxim ately blood heat before  being poured on to g la ss  s lides 7 .5  x 2 .5  cm, 
in a p lastic  slide holder (Gelman Hawk si ey, N ortham pton, England) to give-a 
uniform  lay er of approxim ately 2 mm in depth. The slides used had been 
p re tre a ted  by dipping in an adhesive agar solution (0.1% Oxoid No. 2 agar in 
d istilled  w ater containing 0 ,05  g lycero l and 0.02% azide) to fac ilita te  application 
of the gel lay e r . The agar was allowed to cool for sev e ra l hours at room  
tem p era tu re  before a s e r ie s  of seven w ells w ere  punched in the agar using a 
gel punch (No. 71632 Gelman Hawksley, N ortham pton, England). One cen tra l 
well was punched surrounded by a c irc u la r  a rrangem ent of six fu rth e r w ells.
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Each well m easured  3. 0 mm in d iam eter and perip h era l w ells w ere separa ted  
by a d istance of 5 mm from  cen tra l w ells. The punched a re a s  of agar w ere 
then rem oved using suction from  a vacuum pump.
Application of Antigen and T est Sam ples
Approxim ately 4 0 jils  of L .F .E .  (6.5 m gs protein  N /m l) w as then 
added to each of the cen tra l w ells using a Hamilton syringe (Hamilton Bonaduz 
AG, Bonaduz, Sw itzerland). In the sam e m anner 40 p i sam ples of a n tise ra  
under te s t w ere  added to the p e rip h e ra l w ells. Diffusion was then allowed to 
occur under m oist conditions, at room  tem p era tu re  for a period of 48 hours. 
W ashing and Staining of Gel Layer
The gel layer was washed for a m inim um  period of 48 hours in 
sev era l changes of 0.85%  saline w ith sodium azide p re se rv a tiv e , before being 
rin sed  overnight in d istilled  w a ter. The ag ar was then d ried  at approxim ately  
70°C under filte r paper, before stain ing hi 0.5%  C oum assie b rillian t blue in a 
solvent solution of m e th an o l/w a te r/ace tic  acid in the p ropo rtions 9: 9; 2 by 
volum e, for 15 m inutes. De stain  hi g w as then c a rr ie d  out in the sam e solvent 
solution described  above, until a c lea r background was obtained.
R eadhig of the te s t
A positive re su lt in the te s t w as indicated by the p resen ce  of one o r 
m ore  p rec ip itin  lines, and a qualitative a ssessm en t was m ade of the in tensity  of 
the Ihie(s) p re sen t, for each an tise ru m  te sted .
P assive tra n s fe r  studies
Passive tra n s fe r  teclinique. R ats w ere allocated to groups random ly before 
com m encem ent of any experim en ts. Serum  for use in these  studies was 
obtained from  app ro p ria te  an im als as  previously  described . Relevant batches
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of serum  w ere pooled and sto red  at -20°C until req u ired . E xperim ental ra ts  
w ere  lightly anaesthetised  using a g lass  ja r  containing cotton wool soaked in 
trich loroethy lene , before an app ropria te  volume of serum  (see specific 
experim ental design for de ta ils), was injected in traperitonea lly .
SECTION V
CELL-M EDIATED IMMUNOLOGICAL ANALYSIS
Lymphocyte transfo rm ation  te s t ( L .T .T .)
The following p rocedure  was c a rr ie d  out in sheep experim entally  
infected w ith F . hepatica as well a s  non-infected control an im als, by a 
teclinique s im ila r  to that described  by B urre lls  and Wells (1977).
Separation, Counting and V iability of Lymphocytes
10 m is of blood was collected  from  each anim al under te s t, d irec tly  
from  the jugu lar vein into s te r ile  evacuated tubes containing 0.1 m l of s te r ile  
p re se rv a tiv e  free  heparin (Evans M edical Co. L td ., L iverpool, England).
The blood was carefu lly  layered  onto an equal volume of a T rio s il 
(T rio s il 440 N yegaard & C o ., Oslo, Norway), F icoll (Pharm acia F ine C hem icals, 
Uppsala, Sweden), d istilled  w ater m ix tu re  (specific grav ity  1.075) and 
centrifuged at 400g for 45 m inutes at room  tem p era tu re , by which tim e a 
d istinct band of lym phocytes had form ed at the p la sm a /tr io s i l /F ic o l/d i  stilled  
w ater in te rface . The lym phocytes w ere collected and washed th ree  tim es 
by centrifuging at 400g for 10 m inutes at room  tem p era tu re . Between each 
w ash the ce lls  w ere  resuspended  in H ank's balanced sa lt solution containing 
1%  heparin to prevent clum ping, and w ere finally resuspended  in 1 m l RPMI
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1640 m edium  (Gibco Biocult, Paisley, Scotland) supplem ented with 20% foetal 
ca lf serum  F .C .S . (Flow Labs, Irv ine, Scotland), penicillin  (100 iu p e r m l) 
strep tom ycin  (100 m g p er m l) m ycostatin  and 20 niM hep es buffer (Gibco Biocult, 
Paisley, Scotland).
An aliquot of the washed ce lls  was diluted 1:10 with 0.1% Trypan 
Blue and the cells  counted in an Im proved Neubauer Counting Cham ber. Cell 
v iability  w as a sse ssed  on the b asis  of Trypan Blue dye exclusion.
All suspensions contained not le s s  than 95% lym phocytes with 
95% v iab ility . The in itia l lym phocyte suspension was then adjusted to give a 
final concentration of 1 x 10^ ce lls  p e r m l by adding cu ltu re  m edium  RPMI 1640 
plus supplem ents.
A ssessm en t of lymphocyte responsiveness
Lymphocyte re sp o n ses  w ere  determ ined in m edium  containing F .C .S .
-5
alone o r F.C.S. and 2 m ercaptoethanol (M.E.) 5 x 10 M. Phytohaemagglutinin
(P. H. A. ) 2 .5  j jg /m l, Pokeweed m itogen (P. W. M. ) lO xil/m l, (Gibco Biocult,
Paisley, Scotland), Concanavalin A (Con. A) 6.25 jig /m l (Difco L a b s ., D etrio t,
U .S .A .)  and lipopolysaccharide of E sch eric ia  coli (L .P .S .)  w ere used to
m easu re  the p ro life ra tio n  of the lym phocyte population. All w ere supplied in
the lyophilised stated and following reconstitu tion  w ere  d ispensed in 0 .2  m l
oaliquots and sto red  at -20 C, u n til u se .
P reparation  of F . hepatica - lip id -free  antigen
F . hepatica lipid free  ex trac t ( L .F .E .)  for use  in L .T .T .  was 
p rep a red  as  described  e a r l ie r .  F o r use in L .T .T . , L .F .E .  was diluted in 
cu ltu re  m edium  RPMI supplem ented as outlined above. Optim al dilutions of 
L .F .E .  su itab le for stim ulation of ovine lym phocytes w ere  determ ined  p r io r
to  the com m encem ent of any experim en ts. For ovine lym phocytes L .F .E .  
w as used at dilutions of 19, 6 , 3, 2, 1.25 and Ijugm protein  N /m l.
Preparation of m ic ro titre  p la tes
Mitogens and antigens diluted in RPMI 1640 m edium  containing 20%
F. C. S., antibiotic, m ycostatin , 20 mM hep es buffer and 1% heparin  in 20^1
am ounts w ere  placed in the w ells of s te r ile  flat-bottom ed m ic ro titre  p la tes
(Gibco-Biocult, Paisley, Scotland). 200 jnl of the lymphocyte suspension w ere
5then added to  give 2 x 1 0  ce lls  per w ell. All cu ltu re s  w ere  set up in tr ip lic a te  
w ith and without the addition of m ercaptoethanol to the cu ltu re  m edium . The 
p la tes  w ere covered w ith loose fitting  lid s  and incubated in an a ir- tig h t m oist 
container at 3 7 for a period  of 5 days.
Pulsing of m ic ro titre  p la tes
I Ci Methyl (H3 ) thym idine (specific activity  5mCi/m mol; The R adio­
chem ical C entre, A m er sham , England) in 20 jal of supplem ented RPMI 1640 was 
added to each well 18 hours before  te rm in a tin g  the cu ltu res  by freezing  at 
-20°C . The cu ltu res w ere s to red  in th is  tem p era tu re  until harvesting . 
H arvesting  and counting of lym phocytes
A fter thawing, the lym phocytes w ere harvested  onto g la ss -f ib re  f il te r  
paper (Skeltron, Norway), using a sem i-au tom atic  cell h a rv e s te r  (T itertek , 
Flow L ab o ra to ries , Irvine, Scotland). The pap ers  w ere  d ried  a t 37°C and the 
f il te r  paper d iscs  tra n s fe rre d  to scin tilla tion  vial in s e r ts  containing 1 m l of 
scin tilla tion  fluid (Nuclear E n te rp r ise s  243, Edinburgh, Scotland), for counting 
in an autom atic liquid scin tilla tion  counter (Packard, England). V ials w ere  
counted for a period of 1 m inute on tliree  sep ara te  channels.
Lymphocyte transfo rm ation  te s t (L .T .T . ) using bovine ce lls
E ssen tia lly  the sam e technique was used a s  described  for ovine
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lym phocytes. However, the dilutions of L .F .E .  employed w ere slightly 
different viz 38, 19 and 2 ^ig p ro tem  N w ere the dilutions m ost often em ployed.
SECTION VI
PARASITOLOGICAL TECHNIQUES 
Modified Mac M aster F aeca l Egg Count Method
Before com m encem ent of experim ents reg u la r faecal sam ples w ere 
obtained for detection of eggs or la rv ae  of helm inth sp ec ies . Gordon & 
W hitlock's (1939) m odification of the Mac M aster faecal egg counting technique 
w as employed for th is  purpose as fo llow s:-
3 g ram s of faeces w ere m ixed with 42 m is of tap w ater and homogenised 
using an M .S .E . hom ogeniser (M easuring Scientific Equipm ent L td ., London, 
England. The re su ltan t m ix tu re  was passed  tlirough a sieve, (Endecotts T es t 
Sieves L td ., London, England) of a p e rtu re  25 0 g  and the liquid tra n s fe rre d  to 
a  15 m l flat-bottom ed te st tube. A fter centrifugation a t 2000 r .p .m .  for 
3 m inutes the supernatant w as decanted and the sedim ent shaken using a 
w hiiiim ixer (F iso n 's  Scientific A pparatus L td ., Lougliborough, L e ic e s te rsh ire ) .
A sa tu ra ted  solution of sodium chloride  was then added to  the sedim ent and the 
tube inverted  five tim es to en su re  com plete m ixing. Using a p asteu r pipette 
both cham bers of a M acM aster counting slide (Hawksley & Sons, London, 
England) w ere  filled and exam ined under the m icroscope . The dilution of 
faeces m ade was such that the to tal num ber of eggs or la rv ae  found in both 
cham bers of the counting slide m ultip lied  by 60 gave the to tal num ber of eggs 
o r la rv ae  p e r g ram  of faeces. A lternatively , if  sm all num ber of nem atode 
eggs or la rv ae  w ere  likely to be p re sen t the following method w as used.
Flotation Technique
The sam ple was tre a ted  as  described  previously  and sa tu ra ted  salt
8 0
solution was added to the faecal suspension in a 15 m l flat-bottom ed te s t tube 
as above. The tube was then placed in a bench centrifuge and satu rated  salt 
solution was again added until the tube was full and showed a positive m en iscus. 
A thick 19 X 19 mm square  cover slip  was then placed on the tube which was 
centrifuged at 1, 000 r .p .m .  for 2 m inutes. The cover slip  was rem oved and 
p laced on a m icroscope slide . The slide was then system atically  searched  
using the 17 m m  objective of the m icroscope and all eggs an d /o r la rv ae  counted. 
Each egg or la rv a  counted rep resen ted  1 per g ram  of faeces.
Boray Sedim entation Technique for detection of F . hepatica ova.
The following m odification of the teclinique of Happich and Boray (1969) 
was employed for the detection of F . hepatica ova in the faeces of infected 
an im als.
P repara tion  of sam ples
3 g ram s of faeces were hom ogenised in 50 m is tap w ater in an M .S .E . 
hom ogeniser (M easuring Scientific Equipm ent L td ., London, England) and the 
re su ltan t hom ogenate passed  through a sieve (E ndecott's T es t Sieves L td ., 
London, England) of a p e rtu re  100ju. The re ta ined  debris  was thoroughly 
washed w ith a fine w ater je t and the f iltra te  allowed to stand on the labo ra to ry  
bench in a conical u rine  g la ss  for a period  of 2 m inutes. The supernatant 
w as then drawn off by suction from  a vacuum  pump and the sedim ent tra n s fe rre d  
to a 15 m l flat-bottom ed te s t tube, which was again allowed to stand on the 
bench for 2 m inutes.
Identification and Counting of F . hepatica ova
The supernatant w as draw n off as before and 3 drops of 10% m ethylene 
blue solution added to the sedim ent which w as tra n s fe rre d  to a lined p la te  for 
identification and counting of F . hepatica eggs. The oval, golden brown 
eggs w ere easily  v is ib le  against the blue stained background, when exam ined
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under x l2  m agnification on a s teroscop ic  m icroscope.
T his method was used for detection of sm all num bers of eggs, w here 
la rg e r  num bers w ere p re sen t a m odification of the M acM aster flotation 
technique (Gordon & W hitlock, 1939) using zinc sulphate instead  of satu rated  
salt solution, was employed.
Lvm naea trunca tu la  C ulture
L. trunca tu la  adults w ere  m aintained in p e tri d ishes containing 
a lg a e  of O sc illa to ria  spec ies, a t a tem p e ra tu re  of 20°C. Before tra n s fe r  
to fre sh  p la tes  the snails  w ere  washed in a fine je t of d is tilled  w ater to rem ove 
soil d eb ris  and other adheren t m a te ria l.
Egg m a sse s  from  stock L. truncatu la  w ere  kept in d istilled  w ater at 
room  tem p era tu re  until hatching when the sm all snails  w ere tra n s fe rre d  to 
p e tr i  d ishes lightly seeded w ith a lgae.
Infection of L. truncatu la  w ith m irac id ia  of F . hepatica
Adult L. tru n ca tu la , approxim ately  3 - 5  mm in length w ere individually 
infected by exposure to 4 F. hepatica m irac id ia  for 2 hours, in d istilled  w ater, 
in the w ells of m ic ro titre  p la tes  (Dynatech L ab o ra to ries , Sussex, England).
5 weeks post-infection  the sn a ils  w ere  thoroughly washed in a fine je t of 
d is tilled  w ater and placed on crushed  ice  in a p e tri dish lined by Visking 
d ia ly s is  tubing (Scientific Instrum ent C entre, London, England). During th is  
period  the infective c e rc a r ia l  s tages of F . hepatica left the snails and encysted 
on the Visking tubing.
F aeca l cu ltu re  of Q stertag ia  c ircum cincta
F resh ly  co llected  faeces of sheep infected with Q. c ircum cin ta  w ere
bulked and placed in a num ber of honey ja r s .  These w ere then left at room
tem p e ra tu re  for a period of 14 days, by which tim e a ll la rv ae  should have
reached  the infective stage. During the cu lture period the ja r s  w ere  reg u la rly
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checked for fungal growth, and if any had taken place the faecal p e lle ts  w ere 
sprayed w ith a fine m ist of tap w ater, w hilst being thoroughly mixed to b reak  
up the fungal e lem ents.
Recovery of O. c ircum cincta  3rd stage la rv ae
A fter 14 days incubation w ater was added to the ja r s  containing 
faecal p e lle ts . The contents w ere then filte red  using a Bucliner apparatus with 
vacuum pump attached . A Baermann apparatus was then set up, consisting  of 
a la rg e  funnel filled with w arm  w ater, fitted with a short piece of rubber 
tubing closed with a spring  clip . A w ire  m esh  of ap e rtu re  0.15 mm previously  
wetted with tap w ater was placed in the funnel and w ater added until the level 
of the screen  was reached . The m a te ria l re ta ined  in the filte r  of the Buchner 
apparatus was then tra n s fe rre d  to the screen  of the Baerm ann appara tu s. T his 
apparatus was allowed to stand overnight, and the following day approxim ately  
10 m l of fluid containing 3rd stage la rv ae  was drawn off into a U niversal 
con tainer. L arvae obtained in th is  way w ere then exam ined under a 
stereoscop ic  m icroscope and viability  on the b asis  of m orta lity  was a sse sse d . 
The la rv ae  w ere then counted and app rop ria te  doses m ade up in approxim ately 
10 m is of d istilled  w a ter.
P reparation  of m fective doses of F . hepatica m e tace rca r iae
M etacerca riae  w ere generally  p resen t on Visking tubing if 
obtained from  labo ra to ry  snails  or on cellophane if obtained from  other 
la b o ra to rie s . The sam e batch of m e ta ce rc a r iae  was used in individual 
experim en ts. The cellophane or Viskhig tubing was cut into thin s tr ip s  of 
convenient size for counting using a sca lpel. Such s tr ip s  w ere  tra n s fe rre d  to 
p e tr i d ishes and flooded w ith d is tilled  w a ter. M etacerca riae  w ere a sse ssed
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individually for viability under x50 m agnification on a stereoscop ic  m icroscope.
The c r i te r ia  used for viability  was em bryonation and only em bryonated 
m e ta ce rc a r ia e  w ere counted. When counted, m e ta ce rc a r ia e  on appropria te  
s ize s  and num bers of cellophane s tr ip s  w ere tra n s fe rre d  to U niversal bottles 
containing d istilled  w ater. S trips w ere  d ried  by suction from  a vacuum pump, 
blotted using Whatman No. 1 filte r  paper and finally wrapped in Whatman No. 1 
filte r  paper, folded into an app ro p ria te  shape for o ra l dosing.
P reparation  of infective doses of Taenia hydatigena ova
The following p rocedure  w as employed in the p reparation  of suitable 
num bers of T . hydatigena eggs for o ra l infection of sheep.
T . hydatigena eggs, suspended in 0.85% saline containing penicillin , 
streptom ycin and m ycostatin  w ere  thoroughly mixed using two 100 m l g lass  
b eak e rs . 20 sam ples, each of 0.025 w ere then rem oved from  the suspension 
and spread  along the surface of g lass  slides in a linear fashion using a m icro  
p ipette . Viable em bryonated eggs w ere then counted under x25 m agnification 
using a Wild d issec ting  m icroscope (M .S. Wild, Iteerb rug , Sw itzerland). The 
num ber of eggs per m is of suspension was found by calcu lating  the m ean 
num ber of eggs p resen t in one 0.025 m is drop and m ultiplying th is  figure by 40. 
Doses containing the req u ired  num bers of T . hydatigena eggs for o ra l dosing 
w ere  then p rep ared  in U niversal bottles containing approxim ately 10 m is of 
n o rm al saline.
SECTION V II 
POST MORTEM TECHNIQUES
N ecropsy Procedure
E xperim ental an im als w ere  humanely killed w ith a captive bolt p isto l 
and im m ediately bled out. The abdomen and chest w ere  opened and the peritoneal
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su rface  exam ined for the p resen ce  of flukes before the liv e r was rem oved.
The liv e r w as weighed and photographed and an a rb ita ry  c lassification  on the 
b a s is  of haem orrhage, degree of fib ro sis  and calcification was m ade, as 
illu s tra ted  la te r .
R ecovery of F . hepatica
Any flukes adhering to the liv e r w ere rem oved, the gall bladder 
and m ain b ile  ducts opened and any flukes found rem oved. The liv e r was then 
sliced into thin (4 mm ) s lic e s . The sliced  liv e r tissu e  was allowed to stand 
overnight in w arm  saline  and again repeatedly  squeezed to  rem ove trapped 
flukes. TM s supernatant w as rem oved and the tissu e  d eb ris  thoroughly 
searched  in num erous aliquots in p e tr i d ishes for the p resen ce  of sm all flukes. 
M easurem ent of F . hepatica
All flukes found w ere m easu red  and allo tted  to one of th ree  groups, 
v iz :-  0-6  m m , 6-12 m m , g re a te r  than 12 m m . Not a ll flukes w ere in tact, 
but w here possib le  fragm ents of flukes w ere  m atched and assigned  to  the 
appropria te  group. All m easu rem en ts  w ere made on flukes re laxed  overnight 
in d is tilled  w ater then fixed in 40% form aldelhyde.
In addition to  p ro ced u res  previously  described  for recovery  of liv e r 
flukes, the following special p ro ced u res  w ere  c a rr ie d  out on an im als infected 
e ith e r with eggs of T . hydatigena, o r nem atode la rv ae .
Exam ination for c y stice rc i of C vsticercus tenuicollis
At slaughter the abdom inal cavity, m esen tery  and tho racic  v isce ra  
w ere  thoroughly exam ined for living or degenerate  c y s tic e rc i of C. tenu ico llis . 
The liv e r was rem oved along with any attached cy s tice rc i. These adhering 
to the liv e r capsule w ere  rem oved and counted individually. D egenerate 
c y s tice rc i found during p ro cess in g  of liv e r tissu e  w ere noted, along with 
c y s tice rc i adherent to abdom inal or other v isce ra  and to the body w all.
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Exam ination of abom asum  and sm all in testine  contents for nem atodes 
P reparation  of abom asum  and sm all in testine
The abom asum  and sm all in testine  of nem atode infected sheep w ere  
rem oved im m ediately a f te r  s laugh ter. The abom asum  w as opened along its  
g re a te r  cu rv a tu re  and the contents em ptied into a p lastic  bucket. The m ucosa 
w as then thoroughly rin sed  under a gentle s tream  of tap w ater and the bucket 
contents m ade up to 2 l i t r e s  (4 l i t r e s  for bovine m a te ria l) . The sm all in testine  
was trea ted  in a s im ila r fashion; being opened along its  en tire  length using 
d issec tin g  s c is s o rs  and the m ucosa passed  between thumb and fo refinger under 
a gentle s tream  of tap w ater to  rem ove all contents, which w ere again m ade up 
to  2 l i t r e s  with tap w a ter. Duplicate 200 m l sam ples w ere  then rem oved from  
each bucket, a fte r thorough m ixing, into honey ja r s ,  a sm all amount of 40% 
form alin  added to each, and the ja r s  s to red  at room  tem p era tu re  on the 
labo ra to ry  bench im til req u ired .
Identification and counting of nem atode species
A pproxim ately 2 - 3  m is of iodine /po tassium  iodide solution was 
added to the contents of each ja r  and 1 0 x 4  m is sam ples w ere  withdrawn 
from  each into lined P e tri d ishes for counting. Sodium thiosulphate v/as then 
added to each dish  until a c le a r  background was obtained against which the 
stained p a ra s ite s  would be c lea rly  v is ib le . The contents of each P etri dish  
in tu rn  w ere  then exam ined under the x l2  objective of a s tereoscopic  m ic ro ­
scope. Any nem atode species  found w ere identified by m orphological 
c h a ra c te r is tic s  and counted. The num ber of nem atodes found in 10 x 4 m l 
sam ples was m ultip lied  by 50 tim es to give a to tal count.
SECTION VIII 
STATISTICAL METHODS 
The following s ta tis tic a l analyses w ere  perform ed on experim ental 
data in these  s tu d ie s :-
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1) W here observations w ere thought to come from  a norm al population 
Student's "t" test, as described  by F ish e r  (1934), was used to determ ined the 
level of significance of a given re su lt.
2) W here observations w ere thought not to come from  a norm al population o r 
w here sam ple variances w ere not of the sam e o rd er in groups being com pared, 
the no n -p aram etric  Mann-Wlntney U te s t  was used (Mann and Wliitney, 1947).
CHAPTER III
COMPARATIVE STUDIES OF FASCIOLA HEPATICA INFECTION 
IN SHEEP AND CATTLE
INTRODUCTION
In view of the d ifferences in re sp o n se  to F , hepatica infection in sheep 
and ca ttle  d iscussed  p rev iously , it w as decided that the logical approach in 
investigating  such d ifferences would be to m onitor the course  of p rim ary  and 
secondary fluke infection in the m ore susceptib le  rum inant species i . e .  sheep 
and com pare th is resp o n se  w ith that of a few cattle  included in the experim ent.
To th is  end a wide range of biological p a ra m e te rs  w ere reco rd ed  durm g infection 
of both species em ploying various haem atological, b iochem ical, sero log ica l and 
p arasito lo g ica l techniques. T hese  included estim ation  of serum  G. L .D .H . and 
G .G .T . activ ity  to indicate liv e r cell dam age and bile duct changes re sp ec tiv e ly . 
Both quantitative and qualitative te s ts  for detection of serum  antibody w ere  
employed nam ely E . l . i .  s .a .  and I .H .T . a s  early  in d ica to rs  of the p resence  of 
serum  antibody, and D .I .D . was employed purely as  a qualitative te s t (see 
re lev an t review  section p. 30) in o rd e r to a s s e s s  the re la tiv e  values of these  te s ts  
a s  diagnostic a id s. F o r rea so n s  which w ill be d iscussed  la te r  E . l . i .  s .a .  was 
only perform ed  on ovine se ru m . In addition studies involving passive  tra n s fe r  
of serum  from  both rum inan t species to r a ts  in o rd er to a s s e s s  the com parative 
p ro tec tive  p ro p e rtie s , if any, of such serum , against infection with the p a ra s ite  
w ere  undertaken.
EXPERIMENTAL DESIGN 
8 sheep and 5 calves w ere purchased  from  a local farm  at b irth  and 
re a re d  under p a ra s ite  free  conditions until 10 - 12 w eeks of age. Unfortunately 
2 of the calves died during the re a r in g  period which n ecessita ted  a rea rran g em en t 
of the o rig inal p lans. Following re a r in g  the experim ental an im als w ere 
random ised  on a weight b a s is  and infected as outlined in Table III. 1. Negative 
control serum  was obtained weekly from  sheep Nos. S2, S3, S4 and 88 until
week 16 when these  an im als w ere given a p rim ary  infection, and ca lf No. C2 
served  as  a negative control tiiroughout the experim ent.
Sheep
No.
Weight
(kgs)
(wk. 0) j
Day 0 i
(wk. 15) I 
Day 102 |
(wk. 16) 1 
Day 111 I
(wk. 18) 
Day 195
SI
.
16 350 m e tace rc . Anthelm intic
treatment"^
250 m e tace rc . Kill
S3 22 350 m e tace rc . Anthelm intic
treatm ent'^
250 m e tace rc . Kill
86 14 350 m e tace rc . Anthelm intic
trea tm ent*
250 m e tace rc . Kill
87 19 350 m e tace rc . Anthelm intic
trea tm en t*
250 m e tace rc . Kill
82 17 - - 350 m e tace rc . Kill
83 14 - - 350 m e tace rc . Kill
84 13 - - 350 m e tace rc . K ill
88 18 - - 350 m e tace rc . Kill
Calf
No.
Weight
(kgs)
(wk. 0) 
Day 0
(wk. 13) 
Day 91
(wk. 14) 
Dav 98
(wk. 26) 
Day 184
02 146 1, 000 m e tace rc . Anthelm intic
treatm ent*
1, 000 m e tace rc . Kill
04 125 1,000 m e tace rc . A nthelm intic
treatm ent*
1, 000 m e tace rc . Kill
03 152 - - - K ill
*Rafoxanide 7 .5  m g /kg  (Flukanide, M erck, Sharpe & Dolime, Hoddesdon, England 
Table III. 1
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Due to the problem s m entioned previously it was unfortunately 
only possib le  to use 3 calves in the experim ent and for reaso n s of 
economy it was not possib le  to include anthelm intic control sheep or 
ca ttle . The efficacy of the anthelm intic used against F . hepatica was 
assum ed from  the extensive studies c a rr ie d  out by Gibson (1975) and a lso  
from  the recen t review  of A rm our (1979), and a sse ssed  by faecal egg counts.
The re sp ec tiv e  doses of m e ta c e rc a r ia e  given to experim ental 
rum inan ts w ere chosen, when availab ility  allowed, to pe rm it ju stifiab le  
com parison  w ith recen t au thors , e .g . Doyle (1973a); Van T iggele (1978). 
H eparin ised blood along with serum  sam ples w ere collected weekly during 
infection for haem atologlcal (P .C .V ., haemoglobin, white and red  cell counts 
and eosinophil counts), b iochem ical (estim ation of the serum  levels  of the 
liv e r enzym es G .L .D .H . and G .G .T .)  and sero log ical (estim ation of serum  
antibody lev e ls  by I .H .T . ,  E . l . i .  s .a .  and D .I. D. ) an a ly sis . In addition faecal 
sam ples w ere exam ined weekly for F . hepatica eggs com m encing 10 weeks 
a fte r p rim ary  and secondary infections, and also  weekly following anthelm intic 
trea tm en t until a ll sam ples proved negative.
Passive T ra n s fe r  Studies
A sum m ary  of the tre a tm en ts  of ra ts  used in these  experim ents is  
shown in Table III. 2.
Group No. No. of r a ts Type of serum Challenge
1 8 *6 week +
2 8 10 week +
3 8 14 week +
4 8 N orm al +
5 8 - +
Table I I I .2: Passive T ra n s fe r  Experim ent 1 
* denote 8 week of infection of donor an im als
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Serum  for these  studies was obtained from  sheep Nos. SI, 85, 86 and 
87 at the app ropria te  tim es a fte r p rim ary  infection (Table III. 1). Serum  from  
these  anim als was pooled to obtain sufficient volum es for tra n s fe r .
R E S U L T S
The m ean values of a ll the various p a ra m e te rs  m onitored throughout 
infection and reinfection  a re  illu s tra ted  with standard  e r r o r s  in the text of 
th is  chap ter. W here it was thought that confusion due to e r ro r  b a rs  may have 
affected the w orth  of the illu s tra tio n s , duplications om itting standard  e r ro r s  
a re  a lso  provided. V ariation of the p a ra m e te rs  in individual an im als a re  
illu s tra ted  in the appendix of th is  th e s is .
H aem atologlcal Changes
The re su lts  of the haem atologlcal analysis  of the changes accom panying 
experim ental p rim ary  and secondary F . hepatica infections in rum inan ts a re  
illu s tra ted  in F ig s . 3 . 1 -  3 .10 and F ig s . A..1 - A. 9 of appendix. C onsidering 
f irs tly  a lte ra tio n s  in packed ce ll volum es and haemoglobin it is  apparent from  
F ig s . 3 .1  - 3 .2  that a p a ra lle l fall in both p a ra m e te rs  occurred  following 
p rim ary  F . hepatica infection of experim ental sheep. T his change com m enced 
8 - 9  weeks a fte r infection and both P .G .V . and haemoglobin reached  m inim um  
values 12 - 13 weeks a fte r infection, i . e .  around patency. Following trea tm en t 
both p a ra m e te rs  re tu rn ed  to lev e ls  com parable  with control an im als, but a fte r 
reinfection a fall in both P .C .V . and haemoglobin was again observed.
T his p ic tu re  con trasted  sharp ly  with that found following experim ental 
infection of calves (F igs. 3 .3  & 3 ,4 ) w here both P .C .V . and haemoglobin 
values c losely  p a ra lle led  those of non-infected control an im als, and the only 
deviations from  norm al which w ere detected w ere slight fa lls  in haemoglobin 
values around patency, i . e .  12 - 13 weeks following p rim ary  infection and
92
again 11 - 12 w eeks a fte r re in fec tion . It is  noteworthy that the changes which 
occu rred  in experim ental calves w ere  m uch le s s  m arked  than those in 
experim ental sheep.
The re s u lts  of m onitoring  num bers of white and red  blood ce lls  
during p rim ary  and secondary F . hepatica infection in sheep and cattle  a re  
illu s tra te d  in F ig s . 3 .5  - 3 .8 . It em erged that a fa ll hi the to tal num ber of 
re d  blood ce lls  com m enced 8 - 9  w eeks a fte r p rim ary  infection of experim ental 
sheep and the level gradually  fell to  a m inim um  value 1 3 - 1 4  weeks a fte r 
infection (F igs. 3.5 & 3 .6 ). Following trea tm en t the num ber of red  blood 
ce lls  was re s to re d  to within the no rm al range, but a slight fall was again 
observed  4 w eeks a fte r  re in fec tion . A r i s e  in the num bers of white blood 
ce lls  was noted 6 - 7  w eeks a fte r p rim ary  m fection. D uring re in fection  th is  
phenomenon w as not repeated , indeed th e re  w as a slight reduction in num bers 
during  th is  tim e .
Changes in blood ce lls  following experim ental F . hepatica Infection 
in ca lves (F igs. 3 .7  & 3.8), included a slight fall in num bers of red  blood 
ce lls  7 - 8  weeks a fte r p rim ary  infection. Much m o re  d ram atic  however was 
a significant r i s e  in the num ber of white blood ce lls  a lso  com m encing 7 - 8  
w eeks a fte r p rim ary  infection which reached  a peak value around patency, 
i . e .  12 - 13 weeks a fte r infection. Following reinfection  the to tal num ber of 
white blood ce lls  rem ained  elevated com pared with contro l values, but gradually  
re tu rn ed  to norm al 9 - 1 0  w eeks a fte r re in fection . The p rim ary  r is e  in white 
c e lls  w as g re a te r  and m ore prolonged than that described  following p rim ary  
F . hepatica infection in experim ental sheep.
A p e rip h e ra l eosinophilia was reco rded  following fluke infection in 
both rum inant spec ies  (F igs. 3. 9 & 3.10). In both cases  a r i s e  occurred
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2 weeks a fte r experim ental infection. Peak values w ere reco rd ed  4 - 5  weeks 
a fte r p rim ary  infection in sheep and 12 -13 weeks following bovine infection. 
Following trea tm en t th e re  was a rap id  fall in eosinophilia in sheep and a fte r 
re infection  a sharp  in c rease  again took p lace. In the bovine situation a peak 
value for eosinophils again occurred  2 - 3  weeks a fte r re in fec tion . T h e rea fte r 
th e re  was a gradual d ecrea se  in num bers of eosinophils, although the level 
rem ained  elevated a fte r re in fec tion . In both species the changes in eosinophils 
para lle led  those in to ta l white ce lls , p a rticu la rly  in the bovine w here a strik ingly  
s im ila r p a tte r of elevation was evident 1 2 - 1 3  weeks a fte r p rim ary  infection.
Biochemical Changes
Serum  G .G .T . and G .L .D .H . ac tiv itie s  a re  illu s tra ted  in 
F ig s . 3.11 - 3 .14  and F ig s . A. 10 - A. 17 of Appendix.
The fo rm er illu s tra tio n s  (Figs. 3.11 & 3 .12) which show changes 
in the above liv e r enzym es following F . hepatica infection in sheep show that 
serum  G. L .D .H . began to r i s e  2 w eeks a fte r infection and ro se  steadily  to 
reach  a peak value around 10 weeks a fte r infection. Following trea tm en t 
G .L .D .H . lev e ls  fell sharply , but ro se  again 2 weeks a fte r re infection , and 
th e re a f te r  fluctuated at an elevated level. Peak values of G ,L .D .H . during 
re in fection  w ere  found to be m uch low er than those reached  during p rim ary  
infection. In co n trast serum  G .G .T . activ ity  did not r i s e  until 6 - 7  weeks 
of infection, but th e re a f te r  ro se  steadily  to re a ch  a m axim um  value 9 - 1 0  weeks 
a fte r  infection. Following trea tm en t the level of tliis enzyme a lso  dropped 
sharply  and following rein fec tion  was slightly elevated before  a r i s e  occurred  
around 9 weeks a fte r re in fec tion .
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F ig s . 3 .13  & 3.14  rec o rd  the changes in serum  G .G .T . and 
G .L .D .H . following experim ental infection of calves w ith F . h e p a tic a .
F rom  F ig . 3 .14 it can be seen that G .L .D .H . activ ity  in c reased  sharply  
2 weeks a fte r p rim ary  infection and continued to in c re ase  steadily  p r io r  
to trea tm en t, reach ing  3 d istinc t peak values, the highest of which o ccu rred  
around 10 weeks a fte r infection. G. L .D .H . activ ity  fell sharp ly  following 
trea tm en t and lev e ls  of the enzym e fluctuated at a slightly elevated level 
during re in fec tion . Serum  G .G .T . activ ity  in creased  around 9 - 1 0  weeks 
of infection then ro se  steadily  to peak 5 - 6  weeks la te r . Again levels  of 
th is  enzym e fell sharply  on trea tm en t and continued to d ec rea se  during 
re in fection , reach ing  no rm al values 6 weeks a fte r re in fec tion . T h e rea fte r
G .G .T . activ ity  rem ained  within no rm al lim its . As in the experim ental 
ovine infection levels  of both enzym es during re infection  w ere m uch lower 
than those reached  during  p rim ary  infection.
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Serological changes 
Double immunodiffusion
The re s u lts  from  p rim ary  and secondary infection of sheep and ca ttle  
w ith F . hepatica a s  outlined in Table III. 1, a re  shown in T ab les III. 3 - III. 6.
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Serum  sam ples from  non-infected control sheep proved consistently  
negative in th is te s t .
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Plate 3 . Double Immunodiffusion (D .I.D .): P recipitin  lines
obtained from  lip id -free  ex trac t ( L . F . E . )  of F . hepatica 
and positive ovine seru m .
1 0 0
Due to the speculation reg ard in g  the suitability  of D .I.D , for use in 
the bovine (see C hapter 1), C3, the non-infected control anim al was m onitored 
throughout p rim ary  and secondary infection. It was noted that on only one 
occasion (see T able III. 5 ) w as a fa lse  positive reaction  obtained.
As can be seen from  Table III. 3 p rec ip itin s  w ere  f ir s t  detected in 
the serum  of infected sheep 4 - 5  w eeks afte r p rim ary  infection, and w ere in 
evidence from  th is  tim e until week 13 when a ll s e ra  proved negative. On 
reinfection  antibodies w ere  detected , w ith one exception as  early  a s  1 week a fte r 
re in fection . Sera proved consisten tly  positive tiiroughout rein fection  w ith a 
few exceptions (e .g . SI and S5, 8 weeks a fte r  re infection).
An essen tia lly  s im ila r re su lt was obtained from  an alysis  of serum  from  
infected and re in fec ted  ca ttle  (T ables III. 5 & III. 6). Following p rim ary  infection 
antibodies w ere  detected at 2 - 3 weeks, and serum  proved consisten tly  positive 
throughout 11 weeks of infection. On reinfection  a fte r only 1 week a positive 
re su lt w as obtained, and all s e ra  analysed w ere  positive up to 12 weeks afte r 
re infection .
It w as noted that the lines obtained from  D .I .D , perform ed  on sheep 
■ se ra  w ere  m uch sh arp er, before  and a fte r staining, than those obtained using 
bovine serum  (Plate 3).
I .H .T . (Plate 4)
The re s u lts  of I .H .T . perfo rm ed  on se ra  from  experim entally  
Infected sheep and cattle  a re  shown in F ig s . 3.15 & 3.16  respec tive ly , and 
individual re sp o n se s  appear in F ig s . A. 18 - A. 21 of Appendix. In o rd e r to 
in c re a se  the accuracy  of the quantitative estim ation  of serum  antibody content 
a ll se ra  w ere  titra te d  against two sep ara te  batches of antigen-coated ce lls , one 
p rep ared  by the author on the lab o ra to ry  bench, and the o ther kindly supplied by 
D r s. H .J. Over and L .J . Van T iggele, Lelystad, The N etherlands.
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It is  evident from  F igu re  3.15 that I .H .T . t i t r e s  s ta rted  to r i s e  around 
2 weeks a fte r experim ental infection of sheep and reached peak values at 4 - 5 
w eeks. After th is  tim e th e re  w as an appreciable  fall in antibody levels  which 
in c reased  again to reach  twin peaks at 7 - 8 weeks and 1 1 - 1 2  weeks of infection. 
A fter rehifection th e re  was an im m ed ia te  m assive  in c rease  in I .H .T . t i t r e s  
wMch fluctuated at abnorm al levels wiiile gradually  declining during the 12 weeks 
of re in fection . It was noted that I .H .T . t i t r e s  w ere  higher in all cases using 
ce lls  p rep ared  in the labo ra to ry  com pared with the cells  supplied in the 
N etherlands. The pattern of antibody production during infection and rein fection  
was found to be the sam e, however, re g a rd le ss  of the source of the antigen-coated 
ce lls .
Following p rim ary  infection of experim ental calves with F . hepatica 
(Fig. 3 .16) a s im ila r pa tte rn  of antibody production was dem onstrab le. In th is  case
antibody levels  again ro se  2 - 3  weeks following infection gradually  inc reasin g  
to re a ch  twin peak values 9 - 1 0  and 1 2 - 1 3  weeks afte r infection. It was 
noticeable that no such fall in antibody ti t r e  occurred  in cattle  a s  was observed 
5 - 6  w eeks following experim ental infection of sheep. Following rein fection  of 
experim ental calves th e re  was a m uch m ore  gradual in c re ase  in antibody level 
than that noted in sheep. It w as again noted that ce lls  produced in the labo ra to ry  
gave higher I .H .T . t i t r e s  than ce lls  supplied by D r. H. J. O ver, although the 
overa ll p ic tu re  of antibody production was s im ila r . By com parison of F ig s . 3.15 
& 3.16  it is  evident that m ore  fa lse  positive  reac tio n s  w ere obtained during 
analysis  of ovine com pared w ith bovine serum . T his was felt to be due to 
sophistication in the labo ra to ry  technique employed since the analysis  of 
bovine serum  w as c a rr ie d  out subsequent to the analysis of the ovine serum .
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Enzym e-linked im m unosorbent assay  ( E . l . i .  s. a. ) (Plate 5)
The re su lts  of E . l . i .  s .a .  following p rim ary  infection of experim ental 
sheep a re  documented in F ig s . 3.17 & 3 .18 , Antibody levels  began to r is e  
2 - 3  weeks post infection, until 5 - 6  w eeks when a fall in t i t r e  occu rred . 
T h ereafte r antibody ti tre s  ro se  steadily  to peak at 7 and 9 weeks before 
gradually  decreasing  for the rem a in d er of the infection period . A lim ited 
num ber of re su lts  obtained on re infection  of sheep suggested that a d ram atic  
r is e  in antibody t i tre  occurred  within 1 week of reinfection  of experim ental 
sheep, since absorbance values witliin the range 0 .8 - 1 .0  w ere obtained in thi.s 
period . The difficulties assoc iated  w ith the above teclm ique precluded the 
possib ility  of fu rth er quantitative values of antibody production being obtained, 
i . e .  during the g re a te r  p a rt of the reinfection period of experim ental sheep, 
and for the duration of experim ental infection in ca ttle . It is  felt by the author 
however that d iscussion  of the various d ifficulties encountered w ith tliis 
technique may prove of m ore p ra c tic a l value to other au thors  than m ere  
presen ta tion  of re s u lts . F o r tliis reaso n  what re s u lts  as a re  m eaningful in 
the opinion of the author a re  p resen ted  and the shortcom ings of the technique 
a re  described  in som e detail in a specia l d iscussion  section.
1 0 3
Plate 4. Indirect haem agglutination (I .H .T .): T itra tion  of
serum  antibody in sheep undergoing p rim ary  F . hepatica 
infection (SI, 85, 86, 87 : Rows A, E, F . G) com pared 
with non-infected con tro ls (82, 83, 84, 88 ; Rows B, C, D, H),
Plate 5. Enzym e-linked im m unosorbent assay  (E. 1. i. s. a. ):
C hequerboard titra tio n  d ifferentiating  positive (Rows 1 - 5 )  
and negative (Rows 6 - 10) se ra .
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P assive  T ra n s fe r  Studies
The num ber of r a ts  exam ined for p resence  of flukes a re  shown 
in T able 111.7. D uring the experim ent 3 r a ts  died, from  wliich no flukes 
w ere  reco v ered . One r a t  was lost from  each of groups 1, 3 and 5. Fluke 
re c o v e rie s  from  the various groups a re  sum m arised  in Table III. 8.
Group No. No. of r a ts Type of serum
1 7 6 week
2 8 10 week
3 7 14 week
4 8 N orm al
5 7 -
Table III.7 : Passive T ra n s fe r  E xperim ent 1
As previously  described  the serum  used w as obtained from  sheep 
a t d ifferent tim es a fte r F . hepatica infection. The num bers  of flukes 
reco v ered  from  each group a re  shown in Table III. 8.
Group 1 Group 2 Group 3 Group 4 Group 5
2 1 0 0 4
2 1 5 2 4
5 1 3 2 4
1 2 3 4 6
0 1 0 0 1
4 3 3 4 3
1 2 2 3
0 1
T able  III.8 : Passive T ran s fe r  Experim ent 1
Individual fluke burdens
1 0 5
A statist ical  breakdown of this data appears  m Table 111. 9
Group No. Mean fluke burden f  S .D ,
% Reduction 
vs control
Pr obability 
'P '
1 2 .3  4 1 .7 36% *N.S.
2 1 .3  4 0 .9 64% p .01
3 2 .3  4  1.8 36% N .S .
4 1 .9  4 1 .6 47% . N .S .
5 3 .6  4 1.5
Table III.9: Passive T ran s fe r  E xperim ent 1
S ta tis tica l breakdown of fluke rec o v e rie s  
* N . S .  -  not significant
Percentage reductions in fluke re c o v e rie s  a re  exp ressed  re la tiv e  
to con tro l group 5. S tudent’s ’t ’ te s t was used to com pare individual 
trea tm en t groups w ith the control group.
Parasito log ical R esu lts
F aeca l exam ination. Sheep . Follow hi g p rim ary  infection of sheep with 
F . hepatica m e ta ce rc a r iae  ( T able III. 1) ova w ere f ir s t  detected in the faeces 
of a ll an im als (SI, 55, 86, 87) at 12 w eeks. Following trea tm en t and 
re in fection , however, F . hepatica ova did not reappear until 11 w eeks. It was 
noted that at th is  tim e no F . hepatica ova had been detected in the faeces of 
sheep given a p rim ary  infection, at the sam e tim e as re infection  was c a rr ie d  
out i . e .  secondary control an im als (82, S3, 84, 88 in Table 111.1).
C a ttle . F . hepatica ova w ere  f ir s t  detected in the faeces of experim entally  
infected calves, C2 and 04 , (see Table III. 1), 12 weeks a fte r p rim ary  infection, 
A fter trea tm en t and re in fec tion  th is  period was again found to be 12 w eeks.
1 0 6
Post-m ortem  findings
Sheep. An a rb itra ry  c lassifica tion  on the b asis  of g ro ss  pathology of the 
l iv e rs  of experim entally  infected sheep is  illu s tra ted  in Table III. 10.
Lamb No. Designation F ib ro s is H aem orrhage C alcification
SI 1° & 2° - -
S2 1° + 4 4
S3 1° + - -
S4 1° 4 - -
S5 1° & 2° 44 - -
S6 1° & 2° 44f- - -
S7 1° & 2° 4 4 f - -
S8 1° 4 - -
T able  III.10 ; C lassification  of liv e r lesions in fluke-infected sheep
1^ = P rim ary  inlection only of 350 m e ta ce rc a r iae  
1 &2 = P rim ary  and secondary infections.
Secondary infection -250 m e ta ce rc a r ia e .
The num bers  and re la tiv e  s ize s  of the flukes reco v ered  from
experim ental sheep a re  shown in Table 111.11.
1 0 7
No. of flukes
•Lamb No. Designation 712 mm 6-12 mm <6 mm Total
SI 1° & 2° 32 8 2 42
S2 1° 18 3 1 22
S3 1° 10 14 0 24
S4 1° 21 20 1 42
S5 1° & 2° 7 3 0 10
S6. 1° & 2° 18 14 0 32
S7 1° & 2° 9 1 25
SB 1° ! 8 3 1 12
i!
Table III. 11 : Fluke re c o v e rie s
E xperim ental sheep
A s ta tis tic a l analysis  of the fluke re c o v e rie s  from  these  anim als 
ap p ears  in Table III. 12.
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Group
Designation Lamb No. Total No. Flukes Mean + S. D.
% Reduction 
v s . control
Probability
'p '
SI 42
S5 10 27 + 13 4 8 .0 N .S .
R einfected
S6 32 S .E .7
S7 25
S2 22
S3 24 25 + 12P rim ary
infection S4 42 S .E .6
S8 12
C2 151 109 4  59
Reinfected
C4 67 S .E .4 2
N on-infected f\
control Lo u
Table III. 12; S ta tis tica l breakdown
E xperim ental sheep and cattle
* 'p ' value using S tudent's 't '  te s t  
N .S . = Not significant
1 0 9
F rom  Table 111.12 it is  c lea r that th e re  was no reduction in num bers of 
flukes reco v ered  from  re in fec ted  sheep, when com pared with an im als receiv ing  
a p rim ary  infection. F u rth e r, the data in Table III. 11, provided no evidence 
to suggest that the fluke populations of the two groups differed in re sp ec t of 
size  d istribu tion .
Cattle
Table III. 13 d esc rib es  the g ro ss  pathological fea tu re s  of the liv e rs  
of experim entally  infected calves C2, C3 and C4 (see Table III, 2).
Calf No. L iver wt (kgs) F ib ro s is C alcification H aem orrhage
C2 5 .0 -H- 44 -
C3 3 .7 - - -
C4 4.5 44 4 -
Table 111.13; C lassification  of liv e r lesions in fluke-infected cattle
It is  notew orthy from  th is  table that calcification  was a 
fea tu re  of the b ile  ducts of infected calves.
A breakdown of the num bers and s ize s  of flukes reco v ered  
from  experim entally  infected calves appears  in Table III. 14.
1 1 0
Nos. of flukes
C alf No. Designation 712 mm '6-12 mm <6 mm Total
C2 Reinfected 119 30 2 151
04 R einfected 24 • 35 8 67
C3 N on-infected
contro l
- - - -
Table I I I .14: Fluke rec o v e rie s
E xperim ental calves
C learly , from  the lim ited  num ber of anim als available, and the 
need for a non-infected control anim al, no conclusions can be drawn from  
the above tab les  reg ard in g  the re s is ta n t status of experim ental calves, in 
te rm s  of reduction  in fluke re c o v e rie s . S im ilarly  no conclusions can be 
drawn from  the size  d istribu tion  of flukes recovered  from  experim ental 
ca lves.
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D I S C U S S I O N
Anaem ia
Sheep
In the p resen t studies (F igs. 3 .1 , 3 .2 , 3 .5  & 3. 6) anaem ia as 
re flec ted  by low ered packed cell volume, haemoglobin values and ery th rocy te  
counts was evident from  7 - 8  weeks a fte r p rim ary  infection. This is in 
agreem ent with the c la ss ica l descrip tions of anaem ia by R oss et a l . (1967 a) and 
R eid et a l . (1970) but is  slightly e a r lie r  than noted by El H arith  (1977).
However, it has been estab lished  (S inclair, 1964; Boray, 1967b) that the 
onset of anaem ia is  highly dose dependent, and the fo rm er author (El H arith, 
1977) infected Ins an im als with only 225 m e tace rca riae , with an average of 
34 flukes becom ing estab lished , com pared with the dose of 350 m e ta ce rc a r iae  
and an average of 27 flukes estab lished , used in the p re sen t stud ies. F u rth e r 
evidence for the va riab ility  in tim e of onset of anaem ia in experim entally  
infected sheep w as recen tly  provided by Van T iggele, 1978. TM s author 
rep o rted  that reduction in the num ber of e ry th rocy tes w as m ost m arked 
between 7 and 11 w eeks a fte r infection and was followed by a period of 
reco v ery  or s tab ilisa tion  th e re a f te r . T h is p ic tu re  is  consisten t with the 
findings of the p re sen t study.
The re s u lts  of the eosinophil counts following p rim ary  infection 
of sheep w ere consisten t with those of p revious w o rk ers  in that an in itia l 
r i s e  occurred  2 weeks post-in fection  and a fte r reach ing  peak values at 
6 - 6  w eeks gradually  declined. T hese  findings a re  in ag reem ent with the 
recen t studies of Van T iggele (1978) who noted that num bers of eosinophils 
ro s e  2 w eeks post infection, peaked around 6 - 7  w eeks and gradually decreased  
together with the to ta l num ber of wMte ce lls .
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C attle
Cattle under experim ental conditions in the p re sen t study behaved 
significantly differently from  sheep w ith re sp ec t to developm ent of anaem ia 
(F igs. 3 .3 , 3 .4 , 3 .7  & 3 .8 ). It was apparen t that changes in the p a ra m e te rs  
re flec tin g  anaem ia i . e .  P .C .V ., haemoglobin and ery th rocy te  levels  did not 
occur to an extent com parable with that in sheep. However, a slight fall was 
noted in haemoglobin and ery th rocy te  values around patency i . e .  10 - 12 w eeks 
a fte r p rim ary  infection. T hese  re s u lts  a re  consistent with the findings of 
E l H arith  (1977) and Van T iggele (1978). Indeed, the la tte r  author was unable 
to detect anaem ia in a calf experim entally  infected with 10, 000 m e ta ce rc a r iae  
wliich harboured m ore  than 1,000 flukes, nor in calves infected in itially  with 
1,000 m e tace rca riae  and re in fec ted  at 16 weeks with 2,000 m e ta ce rc a r iae  
which had a m ean fluke burden of a lm ost 200 in a reg im e com parable with 
that of the p resen t studies (Table III. 1). However, Reid et a l . (1972) rep o rted  
that ca ttle  infected with 1, 000 m e ta ce rc a r iae  developed anaem ia from  12 weeks 
of infection. This apparent contradiction may well be explained by the fact 
that the an im als in the la tte r  study (Reid et a l . , 1972) g razed  during the la te  
autumn without supplem ent and consequently had a lower level of nu trition  than 
calves in the p resen t study, which w ere  kept indoors, and fed ad lib itum .
M ore difficult to explain however a re  the findings of recen t studies 
by Furm aga and Gundlach (1978) which reco rded  that anaem ia developed 
10 - 12 weeks a fte r infection of calves w ith 600 F . hepatica m e ta ce rc a r iae , 
in te rm s  of a drop in P .C . V . , haemoglobin, ery th rocy te  and iron lev e ls . It 
was fu rth er reco rded  that the anaem ia appeared to depend on the num ber of 
flukes harboured by individual an im als. The reaso n s for th is  d ifference a re  
not apparent, although the plane of nu trition  of the experim ental an im als would
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be of considerable interes t .
The num bers of eosinophils reco rd ed  in creased  2 weeks following 
p rim ary  m fection of ca ttle  and elevated values, consistently  higher than those 
reco rd ed  following ovine infection w ere  reco rded  throughout p rim ary  and 
secondary infection. T hese findings a re  in agreem ent with that of Van T iggele 
(1978) who noted that a g radual d ec rea se  in eosinophil lev e ls  o ccu rred  only m 
once-infected and not in re in fec ted  an im als. The reason  for the g re a te r  
eosinophil response  in cattle  com pared with sheep can only be speculated 
upon since a p ro tec tive  ro le  for the eosinophil has yet to be estab lished  in
F . hepatica infection (Doy et a l . , 1978b).
L iver Enzym es 
Sheep
The re su lts  of serum  enzym e assay s  (F igs. 3.11 & 3 .12) dem onstrated  
that following p rim ary  infection of sheep with F . hepatica G .L .D .H . levels  
ro se  2 - 3  w eeks a fte r infection and reached  a peak value around 11 w eeks, 
w hereas G .G .T . levels  did not r is e  until 6 - 7  weeks a fte r infection, reach ing  
peak values 1 0 - 1 1  w eeks a fte r infection. Those findings a re  in general 
ag reem en t with the work of El H arith  (1977) and Van T iggele (1978), although 
both the la tte r  w o rkers  rep o rted  a r is e  in G .G .T . slightly la te r  than in the 
p resen t studies, i . e .  8 - 9 weeks a fte r p rim ary  infection. F rom  Fig. 3 .12 it 
is  evident that levels  of G .L .D .H . and G .G .T . following reinfection  w ere 
m uch low er than those reached  during p rim ary  infection. The reason(s) for 
tliis phenomenon a re  open to  speculation, although a s im ila r occurrence  was 
rep o rted  in the recen t th esis  by Van T iggele (1978), in a num ber of sheep 
15 weeks a fte r p rim ary  F . hepatica infection. Such chronically  infected 
an im als had low G .L .D .H . values and w ere found to have m ore extensive
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dam age to the v en tra l lobe of the liv e r  than other an im als. It is possible  
th e re fo re  that the re le a se  of G .L .D .H . into the blood s tream  may be self- 
lim iting  in an absolute sense, in that, a point is  reached  beyond which fu rther 
liv e r dam age w ill not be re flec ted  as a r i s e  in G .L .D .H . values. In the 
p re sen t studies, such a point may have been approached on reinfection of 
sheep resulting in only a m odera te  r is e  in G .L .D .H . lev e ls . M ore difficult 
to explain, however, was the fa ilu re  of reinfection to cause an in c rease  in
G. G .T . levels  accompany hi g invasion by the flukes of the bile duct m ucosa.
One possib le  explanation of th is  is  that anim als w ere killed before G .G .T .le v e ls  
could r is e ,  at 12 w eeks a fte r re in fec tion . This view is  supported by the 
slight delay in m aturation  of the infecting fluke population, as evidenced by 
the apparent m crease  in p repaten t period of tliis infection, com pared with the 
p rim ary  infection. Delayed m igration  on reinfection  of sheep with F . hepatica 
has been previously  rep o rted  by Rushton (1977), who found that re infecth ig  
flukes developed m ore slowly and w ere th e re fo re  m ore  d estructive  than flukes 
from  a p rim ary  infection. The la tte r  author considered th is  to be due to an 
adv erse  host response , possib le  of an im m unological n a tu re .
C attle
A s im ila r p ic tu re  (F igs. 3 .13  & 3.14) of serum  enzym e activ ity  was 
obtained on infection and re in fection  of experim ental ca lves. G .L .D .H . values 
again ro se  2 - 3  weeks post-infection  and peaked at 10 - 12 weeks, with G .G .T . 
levels  following suit at 9 weeks and reach ing  a m axim um  at 12 - 13 w eeks. 
Followhig reinfection  enzyme levels  w ere  only slightly ra ise d  com pared with 
control values. These findings a re  in general agreem ent with a num ber of 
recen t studies including those of A nderson et a l . (1978), and Van Tiggele (1978). 
The fo rm er study (Anderson et a l. 1978) indicated that G .L .D .H . and G .G .T .
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levels  ro se  2 - 3  weeks and 6 - 7  w eeks respective ly  a fte r p rim ary  infection 
with 1,000 F . hepatica m e ta ce rc a r iae , and that no such effect was produced 
on reinfection 35 or 54 weeks la te r . The authors considered tliis to be due 
to the operation of a re s is ta n c e  m echanism  which p e rs is te d  for at le a s t 54 weeks 
a fte r  p rim ary  infection. The n a tu re  of such a m echanism  was thought to 
involve re jection  of the invading fluke population at the level of the liv e r 
capsule, preventing or re ta rd in g  the penetration  and subsequent m igration  of 
the flukes tlirough the liv e r substance. While it  is  tem pting to employ a 
s im ila r argum ent to that outlined above to explain the low er serum  enzym e 
values obtained on rein fection  in the p re sen t studies it is  fe lt that such 
conclusions would not be valid in view of the difference in tim e in te rv a l between 
infections in the two studies v iz 14 w eeks com pared with a m inim um  of 
35 w eeks.
In th is  connection the findings in the th esis  by Van T iggele (1978) 
in the  only com parable study a re  of considerab le  in te re s t . T h is author 
investigated the varia tion  in a num ber of biological p a ra m e te rs  including 
serum  enzyme ac tiv itie s  in groups of 4 calves given p rim ary  and secondary 
infections of F . hepatica 16 w eeks ap art and not tre a ted  w ith anthelm intic . On 
re in fection  it was found tha t se ru m  enzym e values generally  w ere of a m uch 
low er o rder than following p rim ary  infection and that G .G .T . levels  w ere 
not significantly elevated . The author in te rp re ted  th is  la tte r  finding as  
m eaning that no flukes of the second infection had passed  the parenchym al 
stage, and that in his experim ent re in fec ted  anim als had m ore  adult flukes 
from  the p rim ary  infection than an im als receiv ing  a p rim ary  infection only.
Thus the secondary infection had in som e ways enhanced the p rim ary  infection.
W hether any such conclusions a re  justified  in the p re sen t studies, in
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the opinion of the author, cannot be determ ined on the b asis  of serum  enzym e 
ac tiv itie s  alone and m ust be judged from  consideration of a ll the inform ation 
availab le from  a ll the p a ra m e te rs  m easu red  during experim ental infection 
of calves with F . hepatica (see C hapter VI) p a rticu la rly  se r ia l pa rasito lo g ica l 
re s u lts .
Serology
Double im m unodiffision
The re su lts  of the p re sen t study (Tables III. 3 - III. 6) confirm ed the 
findings of previous w orkers , notably Doyle (1973b); Van T iggele and Over 
(1976); Kendall et a l . (1978); Van T iggele (1978). The la tte r  author 
dem onstrated  that D .I .D . gave a positive  reaction  2 - 3  weeks afte r experim ental 
infection of sheep and cattle  w ith F . hepatica . In the p re sen t studies a s im ila r 
pattern of p rec ip itin  production w as observed although in sheep the f ir s t  detection 
of antibody was slightly la te r , i . e .  4 - 5  weeks post infection. In teresting ly  
enough Van T iggele (1978) rep o rted  the sudden d isappearance  of antibody t i t r e s  
at 10, 13 and 15 weeks a fte r p rim ary  infection of ca ttle . T his phenomenon 
was observed in the p re sen t studies at 8, 10 and 12 weeks a fte r experim ental 
bovine infection. In the opinion of the fo rm er author (Van T iggele, 1978) th is  
m ay be due to consumption of antibody in immune complex form ation at those 
tim es .
Ind irect haem agglutination ( I .H .T .)
The re s u lts  of I .H .T . following p rim ary  and secondary infection of 
rum inan ts w ith F . hepatica (F igs. 3.15 & 3.16) w ere in c lose ag reem ent with 
a num ber of recen t stud ies, notably by Poiuektova (1975); Van Tiggele and 
Over (1976) and Van T iggele (1978). The above-nam ed au thors reco rded  
f ir s t  detection of serum  antibody using th is  te s t 2 - 3  weeks a fte r experim ental
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infection of sheep and cattle  with F . hepatica and a s im ila r  pa ttern  of antibody 
production throughout infection with the p a ra s ite .
Several in te re s tin g  points em erged from  the p re sen t studies which 
have previously  been noted by other au thors  during contem poraneous 
experim ents at other la b o ra to r ie s . F irs tly  the d ram atic  fall in antibody t i t r e  
detected 5 - 6  w eeks following experim ental infection of sheep. This fall was 
a lso  evident from  the m ic r o - E . l . i .  s .a .  re s u lts , which of course  m easu re  
solely IgG (F igs. 3 .17 & 3 .18) and coincided exactly with that repo rted  by 
Van T iggele (1978). It m ust be th e re fo re  concluded that such a drop was 
la rge ly  due to a fall in c ircu la tin g  IgG levels  since the drop in t i tr e  reco rded  
by E . l . i .  s .a .  was identical to that detected  in I .H .T . , thus precluding the 
involvem ent of the IgM component of the I .H .T . re sp o n se . Such a phenomenon 
did not occur following p rim ary  m fection of cattle , although a d ecrease  in 
I .H .T . t i t r e s  w as reco rded  around 10 weeks of infection, i .e .  coinciding with 
the d isappearance of p rec ip itin s  previously  m entioned. The la tte r  author 
(Van Tiggele, 1978) suggested that th is  rem ark ab le  suppression  of antibody 
t i t r e  may be due to  the rap id  consum ption of antibodies by antigens derived  from  
the fast-g row ing  flukes which cannot be com pensated by an in c rease  in the ra te  
of antibody production, or to an expression  of im m unological to le rance  or 
suppression  (see a lso  C hapter IV & VI, p. 181 & 233). In terestingly  enough 
Over et a l . (in p re s s )  rep o rted  an in c reased  susceptib ility  to reinfection in these  
w eeks (6 weeks post infection) com pared to 3 and 9 w eeks.
In the p re sen t studies it was also  in te restin g  to observe that antibody 
t i t r e s  in experim entally  infected sheep w ere consistently  higher than those hi 
com parable bovhie infections, T liis phenomenon has been well documented 
(Horclm er, 1973; Van Tiggele and Over, 1976) and w as p a rticu la rly  apparent
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in the p resen t studies on re in fection  of sheep when an im m ediate d ram atic
in c rease  in antibody reco rd ed  by I .H .T . and m ic r o - E . l . i .  s .a .  occu rred .
Tliis w as not apparent on re in fection  of calves, w here a m uch m ore  gradual 
r i s e  in antibody t i t r e  was reco rd ed . The possib le  significance of th is  finding 
a re  d iscussed  in m ore  detail in the ligh t of o ther experim ental findings in 
C hapter VI.
Problem s assoc iated  w ith Enzym e-linked im m unosorbent a ssay  m icrotechnique 
(m icro -E . 1. i. s . a . ) for d iagnosis of F . hepatica infection
Notwithstanding the considerab le  l i te ra tu re  on the use of E . l . i .  s .a .  
for diagnosis of a wide range of p a ra s itic  and other d isea ses , it w as felt that 
a num ber of p rob lem s encountered by the author m the application of the 
technique to F . hepatica d iagnosis w ere  worthy of note, for the enlightenm ent 
of subsequent au th o rs .
1. M icro titre  p la te s . It was found tha t the re s u lts  obtained from  m ic ro - 
E . l . i .  s .a .  varied  not only w ith the type and batch of m ic ro titre  p la tes  used, 
but th e re  was a lso  a degree of varia tion  between individual p la tes. In the 
view of the p re sen t author and a num ber of colleagues (Smith, personal 
com m unication; Van T iggele, 1978) th is  w as due to d ifferences in the antigen- 
binding capacities of vario u s  p la te s , possibly due to the fact that the bond 
between the antigenic m a te ria l and the p la te  was not chem ical, being purely  
e lec tro s ta tic . T his fact was amply illu s tra ted  by the work of Denm ark and 
Che8sum (1978) who investigated standard isa tion  of E . l . i .  s .a .  for detection 
of Toxoplasm a antibody. T hese au thors reco rded  that when uniform  dilutions 
of antigen, an tiseru m  and conjugate w ere  used in a ll 96 w ells of a m ic ro titre  
p la te  higher E . l . i .  s. a . read ings w ere reco rded  on the edges of the p la te . It 
was rep o rted  that incubation of p la tes  a t room  tem p era tu re  did not overcom e
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th is  problem  and that sev era l batches of m ic ro titre  p la tes displayed s im ila r 
p ro p e rtie s . The authors concluded that th is was due to the na tu re  of the p lastic  
of the p la tes  and concluded that a standard plate was n e ce ssa ry  for the m ic ro - 
E . l . i .  s .a .  to be of diagnostic value. To circum vent th is problem , as  m entioned 
previously  in the p resen t studies, 2 positive control se ra  w ere examined on each 
plate, the f ir s t  to s tandard ise  the values of te s t se ra , and the second to check 
the antigen-binding capacity of the p la te . Tliis approach was w orkable, but 
Smith (personal com m unication) has suggested a m ore  p rac tica l solution to the 
problem  using paper d iscs instead  of p lastic  as a veliicle for attachm ent of 
antigen, on the grounds that a m uch m ore  stable bond was form ed between the 
antigenic m a te ria l and the paper, i . e .  a s im ila r system  to Radio - immuno - as say 
using an enzyme instead of a rad ioactive  label.
2. Optim al concentration of re a g e n ts . The requ irem en t for accu ra te  dilution 
of antigen, an tiserum  and conjugate for use in the te s t, though adm ittedly a 
p re re q u is ite  of m ost sero log ica l reac tio n s , was found to be c r itic a l for a 
w orkable system . Tliis n ecess ita ted  3 dim ensional titra tio n  of the reagen ts , 
before using the system  to estim ate  antibody content of te s t s e ra . The 
im portance of accu ra te  dilution of reag en ts  was illu s tra ted  by the occurrence  
of "prozone” inform ation during titra tio n  of antigen against antibody. This 
was evident as a reduction of m ic r o - E . l . i .  s .a .  readhigs under conditions of 
considerab le  antigen excess, due presum ably to consum ption of antibody in 
antigen com plexes wliicli ren dered  the antibodies unavailable for detection in 
the te s t . Optimal dilution of the reagen ts  was designed to  give an absorbance 
value of 1 .0  for positive control serum , and a m inim al value (cO. 1) for a 
negative control serum . It was found, however, that such optim al concentrations 
w ere  only specific within very  narrow  lim its , and any slight a lte ra tio n  in any of
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the c r it ica l  concentrations could re su lt  in values for te s t  s e ra  outside the 
desirab le  range . In addition, not surpris ingly , a given te s t  system  was only 
applicable to se rum  from one p a rticu la r  ruminant species, i . e .  sheep, and 
for analysis  of bovine serum  a new, unrela ted  set of values was requ ired .
3. Choice of substra te .  Considerable difficulty was also  encountered 
regard ing  the choice of an appropria te  substra te  for the enzyme system . The 
substra te  used widely with h o rse rad ish  peroxidase, namely 5 Amino salicylic 
acid (5 A. S. ) was found to be totally unsuitable due to its instability to light.
T his  meant that values for te s t  s e ra  could not be obtained since the substra te  
had darkened to such an extent during reading  of the test that the absorbance 
was too high to be m easu red . F o r  th is  reason  ortho-phenylene-diam ine (O.P. D.) 
was p re fe r re d  in the p resen t studies, which gave m ore  consistent re su l ts .
Various authors  have reported  a degree of non-specific background colour 
using various su b s tra te s ,  pa r ticu la r ly  5 A .S . ,  and various  methods have been 
used to reduce th is  undesirab le  effect. Notably among these  is  the use of 
Bovine serum  albumin (B.S.A.) in the buffer used to dilute both an tiserum  and 
conjugate (Ruitenberg et a l . , 1975). Tliis compound was purported to occupy 
any s ite s  of attachment on the m ic ro ti t re  p lates not occupied by specific antigen- 
antibody complexes, thus precluding the attachment of non-specific  serum  
factors , resu lting  in a reduction in background reading. This ploy was attempted 
in the p resen t  studies and was found to be without value in the F . hepatica system .
4. Reading of the test .  Major difficulties were encountered regard ing  the 
reading  of the test ,  not only due to the choice of substra te  a s  described 
previously, but also from a purely  mechanical point of view. In the p resen t 
context E . l . i . s . a .  was n ecessa r i ly  being used to quantitate antibody production,
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and the re fo re  visual reading  of the te s t  was obviously not possib le . T herefo re  
m icrocuvettes  w ere  used into which the contents of individual wells w ere  
pipetted. This undertaking proved tedious and tim e-consum ing in the ex trem e 
and was completely im pratica l  for the num ber of serum  sam ples wliich 
requ ired  to be analysed. Apparently the mechanisation of the reading of 
m icro '-E , 1. i. s. a . p re sen ts  a num ber of ser ious  technical difficulties, and 
at the tim e of w riting a re liab le  automatic re a d e r  is  not com m ercially  available.
Passive t ran s fe r
The following conclusions can be drawn from the re su l ts  of Passive 
T ra n s fe r  Experim ent I, by re fe ren ce  to Tables III. 7 - 9. F irs tly ,  the only 
an tiserum  which afforded significant protection (p< .05) to F . hepatica 
infection in ra ts  was that obtained from sheep infected 10 weeks previously 
with F , hepatica, although the re  were substantial reductions in fluke reco v e r ie s  
in other groups. This protection was m anifest as a reduction of 64% in. fluke 
num bers  recovered  from ra t s  given th is  pa rticu la r  serum  com pared with 
control r a t s .  These findings a re  consistent with the work of other au thors , 
notably Hayes et a l . (1974 a) & c)); A rm our and Dargie (1974). The la t te r  
w orkers  obtained a reduction of 66% in total flukes recovered  from ra ts  
s im ila rly  injected with anti serum  obtained from sheep infected 12 - 14 weeks 
previously with F . hepatica . F rom  the re su l ts  of these  authors it was 
apparent that t im e and dose of an tise rum  determined the level of protection 
tra n s fe r re d  and for th is  reason , in the p resen t work, a s im ila r  reg im e of 
passive  t ra n s fe r  was employed, i . e .  2 injections of 10 m is  each of an tiserum  
w ere  injected in traperitoneally . In the opinion of th is  author the re la tive ly  
la rge  volume of serum  used may have resu lted  in a non-specific  deleterious
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action of the serum  on m e ta ce rc a r iae  of F . hepatica which may explain the 
reduction in fluke num bers obtained from ra ts  given norm al serum  (Table III. 9) 
although no such finding was repo rted  by A rm our and Dargie (1974).
Thus, the p resen t study, together with a num ber of other studies, 
the m ost recen t of which was c a r r ie d  out by R ajasekariah  and Howell (in p ress) ,  
would implicate humoral immunity in a protective ro le  in F . hepatica infection. 
The la s t  named authors showed conclusively that hyperimmune serum  obtained 
from r a t s  infected repeatedly with F . hepatica , consistently produced a significant 
degree of protection when adm in is tred  immediately following challenge. It would 
appear therefo re  that protection between homologous and heterologous donor 
species can be achieved, although the situation in ovine fasc io lias is  would appear 
to be anomalous m some re sp ec ts ,  in that sheep which were them selves 
susceptible to challenge infection (Table III, 12) w ere  able to p ro tec t r a t s  from 
infection, presum ably due to a serum  factor. As can be seen from F ig s .3 .15 -3 .18  
at 10 weeks of infection sheep w ere  producing considerable amounts of antibody 
which was c learly  non-functional, as  fa r  as  protecting the animal from  reinfection 
is  concerned. Possible reaso n s  for this situation a re  d iscussed  in Chapter VI. 
Pathological findings 
Sheep
F rom  Table III. 10 the g ro ss  pathological changes noted on infection 
and reinfection of experim ental an im als  w ere  no different from those c lassica lly  
described  by previous au thors . On the basis  of the extent of fibrotic change in 
the l iv e rs  of reinfected sheep the re  would appear to be some evidence of a 
delayed m igration of re infecting  flukes, a s  purported  by Rushton (1977) although 
as  d iscussed previously this was not borne out by the re su l ts  of live r  enzyme 
estim ation. Of incidental in te re s t  was the fmding of a slight degree of
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calcification in the liver  of one sheep which received only a p r im ary  infection. 
Tlie reaso n s  for th is  curious observation a re  not apparent.
Cattle
As is  evident from Table 111.13 the l ive r  lesions in reinfected cattle 
w ere  consistent with those recorded  by previous w orkers , notably Doyle (1971) 
with fib rosis  and calcification being the main features of the pathological changes 
noted.
Parasito logical findings 
Sheep
Clearly, from an examination of the parasito logical data on 
experim ental sheep (Tables III. 10 - 12), in agreem ent with the findings of 
many previous w orkers , the re  was no evidence to suggest that sheep develop 
any immunity to reinfection with F .  hepatica . F rom  Table III. 10, on the 
basis  of g ro ss  pathological changes it was evident that re infected  anim als 
(81, 85, 86, 87) suffered m o re  severe  l iv e r  damage in te rm s  of fibrotic 
rep lacem ent of liver parenchym a than once-infected anim als, but a s  can be 
seen from  Tables III. 11 and 111. 12 the re  was no difference e ither in total 
num bers  of flukes recovered , or s ize distribution of flukes recovered  from 
the 2 groups. Indeed, the m ean num ber of flukes recovered  from the 2 groups 
was rem arkab ly  s im ila r  (Table III. 12).
As mentioned previously, the re  was some evidence, on the ba s is  of 
faecal egg counts and serum  enzyme activity to suggest that the re  was a 
delayed m igration of reinfecting flukes com pared with the p r im ary  infection. 
F rom  this  data alone it is  im possible  to comment on any re s is tan ce  m echanism  
involved in such a phenomenon, a s  proposed by Rushton (1977), without 
considering a num ber of immunological p a ra m e te rs .  T h is  aspect will be
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discussed  at fuller length in Chapter IV.
The parasito logica l findings m experim ental ovine fascio lias is  of 
the p resen t study a re  in c lose agreem ent with concurrent work by Meek and 
M orris  (1979), in A ustra lia . The la t te r  authors examined the development 
of F . hepatica, in previously non-infected sheep compared with anim als 
exposed to various reg im es  of infection. It must be pointed out that in the 
A ustra lian  study sheep w ere  g razed  on fluke-free  p as tu res  during the 
experiment, but in all other re sp ec ts  tliis study was analogous to the p resen t 
work. It was reported  that no appreciable  differences w ere obtained in mean 
num bers , length, prepatent period or fecundity of flukes in reinfected sheep 
com pared with once-infected an im als . The authors therefo re  concluded that 
from the ir  findings th e re  was no evidence to suggest that sheep develop acquired 
immunity to F . hepatica.
Cattle
F rom  Tables III. 12 - 14, the following points a r e  worthy of note.
F irs t ly ,  calcification a s  c lass ica lly  described in bovine fascio lias is  was 
found to be a feature  in the l iv e rs  of experimentally  infected calves, in con trast 
to experim ental ovine fasc io lias is .  Secondly, there  appeared to be no in c re a s e  
in the prepatent period on reinfection, compared with p r im ary  infection. Thus 
the re  was no evidence of a delayed m igration of re infecting flukes as postulated 
in experim ental infection of sheep^
Finally, th e re  was a la rg e  varia tion  between the num bers  of flukes 
recovered  from both infected an im als. This is not su rp ris in g  in view of the 
sm all group of anim als involved, and,, for this reason, no conclusions can be 
drawn regard ing  the development of acquired immunity in experim ental calves, 
on the basis  of fluke reco v e r ie s  or s ize  d istribution. However, it is  ins truc tive
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to consider the findings of recen t studies by Kendall et a l . (1978) and Van 
Tiggele (1978) for contem porary points of view on this m a tte r .  The fo rm er 
authors, Kendall et a l . (1978), dem onstrated  f irstly  that a p ro cess  of re jection  
in te rm s  of a reduction in num bers  and fecundity, as  m easured  by total num ber 
and egg output, of flukes recovered , occurred  with tim e, in anim als  given 
single infections. This phenomenon had been previously reported  by a num ber 
of o ther w orkers  including Kendall et a l . (1967) and Doyle (1972). In addition it 
was repo rted  that repeated infection of cattle  produced a degree of re s is tan ce  
a s  evidenced by a reduction in fluke burden (up to 82%), fluke size and a fall 
in num bers  of fluke eggs detected in the faeces. The na tu re  of this re s is tan ce  
was not d iscussed in detail by these  w orkers  although an immunological 
m echanism  was in fe rred .
These findings w ere  partly  substantiated by the work of Van Tiggele 
(1978) who obtained a reduction of 41% in total flukes recovered  from reinfected 
an im als  compared with once-infected an im als . This author a lso  reported  a 
reduction in num bers of flukes of in term edia te  size, in reinfected anim als, 
which he explained as being due to inhibited development of the secondary 
infection. F rom  the re s u l ts  of the la t te r  study, it was proposed that 
re s is ta n c e  or acquired immunity in te rm s  of reduction of num bers  and 
fecundity of flukes may be due to a combination of purely immunological, 
purely m echanical and immunologic ally mediated m echanical fac to rs .
Although as  mentioned previously a com parison of the r e s is ta n t  
s tatus of once infected and re infected cattle  was outwith the scope of the 
p resen t  studies, the total num bers  of flukes recovered  (Table III. 12) from 
calves infected, trea ted  and reinfected as  outlined in Table III. 1 is  worthy 
of note. The m ean num ber of flukes recovered  from these  anim als  was 109
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which was severa l t im es  g re a te r  than the mean value reported  in com parable 
studies by Doyle (1973a). The la t te r  author infected his anim als  with 
750 F. hepatica m e ta ce rc a r iae  and reinfected with 1, 300 while 1, 000 
m e ta ce rca r iae  w ere used on both occasions in the p resen t studies. While it 
is  recognised by this author that it is  ra th e r  difficult to draw valid conclusions 
when experim ental groups a re  ra th e r  sm all as  in the p resen t studies, it is  felt 
that such a difference is worthy of comment and the re fo re  p o ss ib le  explanations 
for tliis anomaly will be d iscussed  at g re a te r  length in Chapter VI.
It has em erged from the above studies, in agreem ent with previous 
work in tliis field that sheep do not develop an acquired immunity to reinfection 
with F . hepatica in te rm s  of decreased  num bers or im paired  viability of 
re infecting  flukes. The susceptibility of sheep to the pa ras ite  was also 
reflec ted  in the development of anaem ia wliich did not occur in cattle  undergoing 
a s im ila r  reg im e of mfection.
F rom  the various p a ra m e te rs  of infection investigated it was apparent 
that the l iv e r  enzymes G .L .D .H .  and G. G .T. w ere  of value as  ind icators  
of l ive r  cell n ec ro s is  and bile duct damage following p r im ary  l ive r  fluke 
infection, but proved to be of lim ited worth on reinfection. The early  
eosinophilia detectable in both rum inant species was a lso  a useful ancil lary  aid 
to l iver-f luke  diagnosis, although the non-specificity of th is  reaction  would 
n ecessita te  confirmation by l ive r  enzyme or serological analysis .
Of the serological te s ts  used I .H .T .  was considered to be a re liab le  
sensititive method of early  diagnosis of F . hepatica which could be used for 
quantitative study of the antibody response . D .Ï .D . was also  found to be 
re liab le , but of lower sensitivity and suitable only for qualitative p rocedures .
E . l . i . s . a .  was found to be the le a s t  re liab le  of the methods used.
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CHAPTER IV
CELL MEDIATED IMMUNITY TO FASCIOLA HEPATICA
INFECTION
1 4 6
INTRODUCTION
The im portance of cell-m ediated  immunity in the host response  to 
helminths has been recognised for some considerable tim e (reviewed by 
L a rsh  and Weatherly, 1975). However, the relevance of various laboratory  
techniques for estim ation of the cell-m ediated  immune status of p a ras it ised  
anim als  has been the subject of a g rea t deal of controversy . Two of those 
which have received considerable attention a re  the leucocyte Migration 
Inhibition T es t  (M .I .T . ) and the Lymphocyte Transform ation  T est (L .T , T, ).
The fo rm er te s t  was employed by Aalund et a l . (1972); Aalund 
and Nansen (1972); Genclii et a l . (1973) and G en chi and S arto re ll i  (1974); in
F . hepatica infection in rum inan ts . The re s u l ts  of these studies have been 
considered in the relevant review section of tliis th es is  (p. 39-40), and it is  
felt that fu rther comment is not n ecessa ry  at th is  stage.
The la t te r  te s t  (L. T. T.) has only been recently  adapted for parasito logical 
investigation in o rder  to examine the response  of lymphocytes from p arasit ised  
anim als  when exposed to mitogenic or antigenic p repara t ions . The immuno­
logical significance of the p ro liferation  of lymphocytes from man and other 
anim als  when cultured with specific antigenic and non-specific  mitogenic 
m a te r ia l  has been the subject of considerable discussion. It has been argued 
to re f lec t  specific cell-m ediated  immune responsiveness  because it accompanied 
delayed-type hypersensitivity  reac tions  in v itro  and could be observed in the 
absence of detectable serum  antibody in cell donors (Mills, 1966; Oppenheim, 
1968). However, Benezra et a l . (1969) in studies involving immunisation of 
rabb its  showed that lymphocyte transform ation  was not associated  with e ither 
the antibody response  or delayed-type hypersensitivity, but depended upon the 
intensity of either response . Adams and Gripps (1977) put forward the view
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that antigen-induced proliferation of cultured lymphocytes may indicate the 
activity of cells committed to re ac t  to a pa r ticu la r  antigen without necessa r ily  
being indicative of the immune response  in vivo and may in fact only provide 
an estim ate  of the antigen reac tive  lymphocytes within cell populations.
However one w ishes to in te rp re t  this transform ation  response  L .T .T .  
has proved a useful tool in the investigation of d isease  caused by a number of 
different helminth species, including the cestode Echinococcus granulosus 
(Yusuf et a l . , 1975), the trem atode Schistosoma mansoni (Colley, 1975;
Colley et a l . , 1977 a) and b); 1978) and the nematodes Trichostrongylus 
co lubriform is (Adams and Cripps, 1977) and Ha em on chus c ont or tus (Adams, 
1978). The re levant findings of these  recen t studies will be d iscussed la te r  in 
tliis chapter in the light of the findings of the present study.
In the p resen t studies in v itro  stimulation of both ovine and bovine 
periphera l  lymphocytes by various  mitogens was ca r r ied  out using a modification 
of the teclinique described  by B urre lls  and Wells (1977). In addition L .T .T .  
was employed to m onitor the response  of rum inants to somatic fluke antigen 
during active infection with F. hepatica. L .T .T .  was p re fe r re d  to other 
C .M .I .  ind icators  in the p resen t work as  it was considered that m ore  valuable 
information could be gained using th is  te s t  regard ing  the p rec ise  action of the 
cell-m ediated  response  in F. hepatica infection than, for example using M .I .T .
It was hoped that m onitoring both p r im ary  and secondary F . hepatica infections 
in the two ruminant species  with L .T .T .  would indicate not only the re la tive  
re sp o n ses  of lymphocytes from  infected and non-infected anim als to antigenic 
and mitogenic m ate ria l ,  but a lso the ro le , if any, of im m unosuppression or 
im m unodépression in fasc io lias is  in sheep and cattle . It was considered that 
the re su l ts  of such a study may well contribute to the overall understanding of
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the re la tive  im portance of physical and immunological fac tors , which has been 
the subject of so much debate in the past, in the observed susceptib ilities  of 
sheep and cattle to fasc io lias is .
EXPERIMENTAL DESIGN 
The schedules for infections of sheep and cattle used in the experim ent 
a re  shown in Table III. I. Periphera l lymphocytes w ere  obtained for the L .T .T .  
from  these  anim als  at 2 - 3 weekly in te rva ls  during infection, and also  p r io r  
to infection in o rder to a s s e s s  base  levels  for mitogenic and antigenic stimulation. 
A num ber of different mitogens with various  lymphocytic affinities w ere  used 
throughout the experim ent, namely, phytohaemaggiutin (P .H .A .) ,  pokeweed 
mitogen (P. W.M. ), Concanavalin A (Con A) and lipopolysaccharide of E. coli 
(L .P .S , ), in o rder  to m axim ise  the information obtainable regard ing  the various 
subpopulations of lymphocytes involved in the cellu lar response . In a ll  cases  
lymphocyte cu ltures  w ere  set up with and without the addition of 2 mercaptoethanol 
(M. E. ). The use  of th is  compound a s  a macrophage substitute in lymphocyte 
cu lture  is  widely known (Leuke and Hans Ceorg-Opitz, 1976), and in the p resen t 
studies, as  in those of the fo rm er authors, 2 M .E . was m corporated  to enhance 
or re in force , the response  of lymphocytes in culture to antigenic m a te r ia l .
RESULTS
F o r the purposes of the p resen t study the re su l ts  of L . T . T . , as 
i l lu s tra ted  in the chapter, a re  p resen ted  as  com parisons between different 
trea tm en t groups within the two rum inant species. This method of display 
was adopted due to the wide varia tion in responses  to mitogenic and antigenic 
stimulation encountered throughout the duration of the experim ent. In the 
opinion of the author th is  variability  inherent in the teclinique precluded the
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meaningful presentation of re s u l ts  as  a factor of tim e a f te r  infection. F o r  this 
reason  no allusions to p a r ticu la r  tim es except whether before or afte r  in fec tion/ 
re infection a re  made during th is  chapter and differences noted between various 
trea tm en t groups a r e  considered in te rm s  of general tren d s .  For ease  of 
i l lus tra tion  ovine mitogen re sp o n ses  below 20, 000 dpm, bovine mitogen re sp o n ses  
below 10, 000 dpm and antigen re sp o n ses  below 1, 000 dpm a re  given in num erica l 
form  ra th e r  than as individual va lues .
Sheep
A diagram m atic  rep resen ta tion  of a com parison between sheep 
receiv ing  p r im ary  and secondary F . hepatica infections and control anim als 
on the bas is  of response  to mitogenic and antigenic stimulation appears  in 
F igures  4 .1 -  4 .8 .
Mitogen responses
F igu res  4.1 i l lu s tra te s  the response  of ovine lymphocytes from sheep 
given a p r im ary  infection of F . hepatica to 4 different mitogens, when cultured 
in medium containing foetal calf se rum  (F. C .S. ) without the addition of M . E . , 
com pared to non-hi fee ted control an im als . F rom  tliis d iagram  it is  c lear  
that sheep hifected with F . hepatica gave consistently lower re sponses  than 
control anim als to stimulation with 3 out of the 4 mitogens used, i . e .  P .H .A . ,
P. W.M. and Con A. As the re sp o n ses  to L .P .S .  were  of a much lower o rder 
than those of the other mitogens and w ere  in fact com parable to the re su l ts  of 
antigenic stimulation, L .P .S .  re sp o n ses  a re  il lus tra ted  and described with 
antigen responses . When M .E . was added to the culture medium (Fig. 4 .2) 
a  s im ila r  re su l t  was obtained. In th is  case  the trend was the sam e as in 
Fig . 4 .1 , i . e .  infected sheep gave lower responses  to all mitogens, although 
it m ust be pointed out that d ifferences between the two groups were le ss  obvious
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than in Fig. 4 .1 . Under both se ts  of conditions (Figs. 4.1 and 4 .2 ) the most 
m arked  difference between the 2 groups was in response  to the mitogen 
Concanavalin A (Con A).
The effect of reinfection of sheep on mitogen re sponses  is  shown in 
F igs . 4 .3  and 4 .4 .  The re sp o n ses  of reinfected anim als  a re  compared, in 
this case, with anim als  which received  a p rim ary  infection simultaneously with 
the adm inistra tion  of the re infecting  dose to the f i r s t  group of anim als. Again 
resp o n ses  were m easured  in the p re sence  and absence of M .E . F rom  Fig. 4 .3  
it is  c lear that the resp o n ses  of reinfected anim als to mitogenic stimulation 
w ere lower than an im als  given a p r im ary  infection only. An identical pattern  
of resp o n ses  is seen in Fig. 4 .4  w here  M .E . was added to the culture medium. 
On the whole, d ifferences between re infec ted  and once-infected anim als w ere  
of s im ila r  magnitude or slightly m ore  m arked than those observed between 
once-infected and non-infected anim als. In the fo rm er situation (Figs. 4 .3  
and 4 .4 )  the m ost m arked  differences w ere  found following stimulation by 
P. W.M. and Con A.
Antigen responses
Figs. 4 .5  - 4.8 i l lu s tra te  the re su l ts  of stimulation of ovine periphera l  
lymphocytes from once-infected, re infected and non-infected anim als, by the 
mitogen L .P .S .  and a l ip id -free  ex trac t of F . hepatica antigen ( L .F .E . ) ,  
p rep a red  a s  described in Chapter II .  Various concentrations of antigen w ere 
employed since it was found that some stimulation was obtained over a range 
of different concentrations (6 jig - l^ug/m l). In all cases  antigen concentrations 
w ere  based on the amount of protein  N p resen t estim ated, as  previously 
described, by the teclinique of Lowry et a l . (1951).
F rom  Fig. 4 .5  it  is  evident that the re sponses  of sheep given a
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prim ary  F .  hepatica infection to L .P .S .  stimulation did not differ from those 
of non-infected control anim als, when lymphocytes from  the 2 groups of - 
anim als were  cultured in the absence of M. E. When M .E . was added to 
lymphocyte cu ltu res  (Fig. 4 .6 )  L .P .S .  responses  w ere again of a very s im ila r  
o rd e r .  On reinfection (Fig. 4 .7  and 4 .8 )  L .P .S .  re sponses  from reinfected 
sheep were com parable to those of once-infected an im als. Unfortunately, 
the num ber of L .P .S .  re sponses  m easured  was limited due to considerable 
difficulties in obtaining th is  mitogen during this period.
It is  a lso  evident from Fig. 4 .5  which shows antigen responses  in 
the absence of M .E . that there  was a tendency for non-infected sheep to 
respond to a g re a te r  extent to L . F . E .  than anim als given a p r im ary  infection, 
pa r ticu la r ly  at antigen concentrations of 6 and 8 jag /m l. At lower antigen 
concentrations such a difference was not apparent and indeed, at a concentration 
of 1 ^ g /m l  infected anim als seemed to have responded be tte r  than control 
an im als . On addition of M. E. to the culture medium a s im ila r  re su l t  was 
obtained (Fig. 4 .6). Again control anim als  responded m ore  vigorously to 
fluke L, F. E. than infected an im als  at concentrations of 6, 3 and 2 _pg/ml 
with an equivocal re su l t  being observed at 1 j ig /m l .  It was noticeable that 
antigen re sponses  in general w ere  enhanced by the incorporation of M .E . into 
the culture medium.
The effect of reinfection on reactiv ity  of ovine lymphocytes to fluke 
L . F . E .  is i l lus tra ted  d iagram m atically  in Figs. 4 .7  and 4 .8 .  Responses 
of reinfected anim als a re  again com pared with anim als given a p rim ary  
infection at the sam e tim e as  the re infecting  doses w ere  adm in is tered  to the 
fo rm er group. F rom  Fig. 4 .7 , which shows antigen responses  in the absence 
of M .E . it can be seen that the re  was a d ram atic  difference in the responses
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of the 2 groups of an im als. Those anim als  undergoing p rim ary  F . hepatica 
infection responded much m ore  vigorously to fluke L . F . E ,  than reinfected 
an im als . This difference was apparent at the lower antigen concentrations 
used, ( i .e .  3, 2 and l ^ g / m l )  and the only concentration w here it was not 
apparent w^as at 6jug/m l w here the responses  of the two groups w ere of a 
s im ila r  o rd e r .  A s im ila r  pattern  of response  em erged from the same 
com parison of antigenic responses  which m corporated M .E . into the culture 
medium (Fig. 4 .8). However, it was evident that although reinfected sheep 
had lower responses  to fluke L . F . E .  than once-mfected anim als the o rd e r  of 
tills difference was much lower than in Fig. 4 .7 .  In this la t te r  case  the 
increased  response  of once infected an im als  was m ost m arked  at a 
concentration of 6 j ig /m l .
Cattle
F igs . 4 .9  - 4.16 i l lu s tra te  the comparative responses  of lymphocytes 
from cattle  undergoing p r im ary  and secondary F. hepatica mfection to mitogenic 
and antigenic stimulation in culture  medium containing F .C .S .  with and without 
the addition of M .E . with those of a non-infected control animal. Due to a 
shortage of cattle  for experim ental purposes, as explained previously, it was 
considered that a control animal uninfected throughout the duration of the 
experim ent provided a better com parison with reinfected anim als than one 
animal given a p r im ary  infection. F or this reason  the re su l ts  of bovine 
L .T .T .  must, by necessity , be p resen ted  in a slightly different form  than 
those for ovme infections, and it m ust be rem em bered  that fewer control 
re sponses  were available com pared with those of infected anim als.
Mitogen responses
Fig. 4. 9 i l lu s tra te s  the responses  of lymphocytes from cattle
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given a p r im ary  infection of F. hepatica with those of a non-infected control 
animal, to stimulation by the mitogens P .H ,A .,  P .W .M . and Con A, in the 
absence of M .E ., L .P .S .  stimulation is  again considered along with antigen 
re sp o n ses .  Only slight differences w ere  apparent between the two groups of 
anim als, the m ost m arked  of which was a g rea te r  response  of the non-infected 
animal to Con A than the infected group. Incorporation of M .E . into the 
cu lture  medium (Fig 4.10) made no difference to this picture, except that 
the responses  of both groups to Con A was s im ilar, thus, under the la t te r  
c ircum stances , the re  appeared to be no difference in response, of infected 
and non-infected cattle, to any of the mitogens used.
On reinfection (F igs. 4 .11 and 4.12) it em erged that, in the absence 
of M .E . (Fg. 4.11), a s im ila r  re su lt  was obtained i . e .  only m arginal differences 
w ere  observed between the two groups of animals, the most noticeable of which 
was a slightly reduced response  to Con A in the reinfected group compared with 
the control. Addition of M .E . to the culture medium (Fig. 4 .12) resu lted  in 
an overall inc rease  in the absolute values of all re sponses  recorded . However, 
re la tive  responses  to the various mitogens rem ained unchanged, apart from a 
slight decrease  in response  to P .W .M . by reinfected animals, when compared 
with the control.
Antigen responses
The responses  of cattle  given a p rim ary  and secondary F. hepatica 
infection to stimulation with L .P .S .  and various dilutions of F . hepatica L .F .E .  
a re  i l lu s tra ted  in F igs . 4 .13 - 4 .16. During the f irs t  pa r t  of this experim ent 
a considerable  range of antigen concentrations were employed to determ ine 
optimal dilutions. It was found that antigen dilutions of 36 and 2 ^ g /m l  both 
resu lted  in a degree of stimulation, and, for tins reason, during the second
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p a r t  of the experim ent i . e .  following reinfection, these  dilutions were the only 
ones employed.
F rom  F igs . 4.13 and 4.14, a number of points can be made 
concerning the effect of L .P .S ,  and L . F . E .  on lymphocytes from bovines 
given a p rim ary  F. hepatica infection. F irs t ly ,  the re s u l ts  of L .P .S . 
stimulation gave ra th e r  contradictory  re su lts ,  in that, in cu ltu res  without 
M .E . (Fig. 4.13), apar t  from  one isolated value, responses  of infected cattle 
w ere  generally  lower than control values. However, in cu ltu res  containing 
M .E . responses  of infected anim als  w ere  generally higher than control values.
On reinfection (Figs. 4.15 & 4 .16) the sam e pattern  em erged, i . e .  infected 
anim als  gave lower re sp o n ses  to L .P .S .  in cu ltu res  without M .E . ,  and g rea te r  
responses  in cu ltures with M .E . ,  com pared with the control. Possible rea so n s  
for this discrepancy will be considered in the discussion section of this chapter.
As far a s  antigen resp o n ses  a re  concerned following p rim ary  F . hepatica 
infection (Figs. 4 .13 & 4 .14) it was c lea r,  especially in cu ltu res  containing 
M .E . that lymphocytes of infected anim als  responded b e tte r  to fluke L . F . E . ,  
than those from  the non-infected control, pa rticu la rly  at concentrations of 
36 and 2 jjg  protein  N /m l. C ultures  without M .E . showed a s im ila r  trend 
although, in general, all re sponses  were of a lower o rd e r .  Following 
reinfection, a s  explained previously, only the antigen concentrations mentioned 
above w ere  employed. It was apparent that reinfected anim als responded 
much m ore  vigorously to F . hepatica L . F . E .  than the control (Figs. 4 .15 &
4.16). It was again found that g re a te r  responses  w ere  obtained when M .E . 
was incorporated in the culture  medium. The m ost d ram atic  difference 
between the two groups was obtained at an antigen concentration of 2 ^ g  
Protein N /m l when M .E . was incorpora ted  in the culture  medium (Fig. 4 .16).
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DISCUSSION
Sheep
Mitogen resp o n ses
It was apparent from  the p resen t study that the re sp o n ses  of sheep 
undergoing p rim ary  and secondary F . hepatica infection, to the m itogens 
F .H .A ., P. W .M. and Con A, w ere dep ressed  com pared w ith the contro l an im als. 
It w as fu rther dem onstrated  that re infection  exerted  a re la tiv e ly  g re a te r  
d ep ress iv e  effect than p rim ary  infection.
A s im ila r effect to that described  above has been previously rep o rted  
by other w orkers  in sheep infected w ith o ther p a ra s ite s . Thus Adam s and 
C ripps (1977) observed dep ressed  re sp o n ses  to  P .H .A , and Con A, following 
p rim ary  infection of sheep w ith the nem atode T richostrongylus co lu b rifo rm is . 
Although recognising  that the thym us-dependence of Con A and P .H .A . reac tiv e  
lym phocytes has not been form ally  dem onstrated  In sheep, as in other species 
([anossy et a l . , 1973; G reaves et a l . , 1974), the fo rm er au thors (Adams and 
C ripps, 1977) w ere of the opinion that the num ber of thym us-dependent 
lym phocytes in both blood and in tes tin a l lymph was reduced during the in itia l 
s tag es  of T . co lubrifo rm is infection.
By co n tra s t, the sam e author (Adams, 1978) rep o rted  that following 
p rim ary  infection of sheep w ith the abom asal nem atode Haemonchus c ont or tu s 
p e rip h e ra l blood lym phocyte resp o n siv en ess  to P .H .A . and Con A w as not 
d im inished. The author in te rp re ted  th is  finding as evidence that H. c ont or tu s 
infection had not caused a polyclonal im pairm ent in the tran sfo rm in g  ability  
of p e rip h e ra l blood lym phocytes or a reduction in the proportion  of T ce lls  in 
the lym phocyte population p resen t in the blood, i. e. a genera lised  im m uno­
suppression  had not been induced.
1 7 2
In terestingly  enough, a s im ila rly  im paired  m itogenic response  to 
that described  by Adam s & C ripps (1977), in sheep, was recen tly  repo rted  
by B urre lls  et a l . (1978), under com pletely different c ircu m stan ces . These 
la tte r  authors recorded  a d ecreased  response  of ovine lym phocytes from  sheep 
in la te  pregnancy and at p artu ritio n  to stim ulation by the m itogens PHA and 
PWM, and suggested that th is  may be due to some functional im pairm ent of 
the lym phocytes involved. The possib le  involvement of p lasm a inh ib itor(s) 
in th is  suppressive  effect was proposed by the au thors on the grounds that a 
g re a te r  suppressive  effect to PWM was dem onstrated  in lym phocytes cultured 
in the p resence  of autologous p lasm a (AP) than foetal bovine serum  (FBS). 
Antigen resp o n ses
F rom  the p re sen t w ork it w as apparent that the response  of 
p e rip h e ra l lym phocytes from  sheep undergoing infection w ith F . hepatica 
to fluke LFE was of a low er o rd e r than that of non-infected an im als. It w as 
fu rth e r observed that lym phocytes from  reinfected  sheep had p oo rer resp o n ses  
to LFE of F . hepatica than once-infected  an im als.
T hese re s u lts  a re  consisten t with the findm gs of sev era l recen t studies 
on other sheep helm inths including those by Chen and Soulsby (1976); Adams Eind 
C ripps (1977); Adams (1978); Kuppner (personal com m unication). The f ir s t  
nam ed w o rk ers  (Chen and Soulsby, 1976) examined the blastogénie re sp o n ses
of pe rip h era l blood leucocytes to an antigen p rep ared  from  the th ird  stage la rv a l 
form  of Haemonchus c ont or tu s , and dem onstrated  a reduction in antigen 
induced blastogénie resp o n se  asso c ia ted  with an in c rease  in faecal egg output 
during  the p e ri-p a r tu r ie n t period  in infected ew es. It was purported  that such 
a phenomenon may be due to changes in the population of antigen sensitive  
ce lls  in the p e rip h era l c ircu lation , possib ly  due to antigen sensitive  p e rip h e ra l
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leucocytes being rem oved from  the c ircu lation  to the m am m ary glands for 
the purpose of local co lo stra l antibody production. The possib le  involvem ent 
of hum oral a n d /o r serum  fac to rs  w as a lso  noted, and the au thors opined that 
th ese  asp ec ts  m erited  fu rth e r study.
S im ilar clianges in lym phocyte populations w ere  described  by 
Adams and C ripps (1977) who rep o rted  ce llu la r changes occu rring  in the 
in tes tin a l lymph of sheep infected with the en teric  nem atode T richostrongylus 
co lu b rifo rm is . In agreem ent w ith Chen and Soulsby (1976) and the findings 
of the p re sen t study the la t te r  au thors (Adams and C ripps, 1977) reco rded  
reduced num bers of lym phocytes reac tiv e  to T . co lubrifo rm is fourth la rv a l 
stage antigen in both b lood and in testina l lymph of sheep during  the early  
stages of infection w ith the p a ra s ite . In the opinion of the au thors lym phocytes 
inherently  sensitive  to nem atode antigens w ere  tem p o rarily  rem oved from  
the blood s tream  during the in itia l s tages of T . co lubrifo rm is infection 
and the appearance of such lym phocytes in the in testinal lymph was delayed. 
Although the au thors  did not speculate  upon possib le  re a so n s  for these  changes 
it was suggested that a lte ra tio n s  of th is  n a tu re  in the population of antigen 
reac tiv e  lym phocytes in lymph and blood may act as an im pedim ent to the 
d issem ination  of the im m une response  against T . co lubrifo rm is and may 
underlie  the re la tiv e ly  slow onset of re s is ta n c e  to th is  p a ra s ite .
The sam e author la te r  rep o rted  (Adams, 1978) the induction of 
selec tive  im m unological un responsiveness in ce lls  of blood and lym phatic 
tis su e  of sheep infected w ith the abom asal nem atode Haemonchus contortus 
In th is  study the resp o n se  to la rv a l e x trac ts  of H. contortus (HcL3) was 
used to assay  the nem atode antigen reac tiv e  ce lls  from  blood and lym phatic 
tis su e  of sheep undergoing active hifection with H. contortus. It was
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dem onstra ted  that in v itro  reac tiv ity  to HcL3 was v irtua lly  absent from  the 
blood of sheep during active H. contortus infection, but w as p resen t with _ 
in c reased  in tensity  in sheep in which infection had abated n a tu ra lly  or which 
had been trea ted  with an an thelm intic . These findings indicated to the author 
that active H. contortus infection had caused a depletion from  p e rip h e ra l blood 
or inactivation of those lym phocytes reac tiv e  to nem atode antigens. As 
d iscussed  previously , in th is  study, in v itro  resp o n ses  to the m itogens PHA 
and Con A w ere not dim m ished during the infection and th e re fo re  the au thors 
proposed that the p a ra s ite  had induced a s ta te  of selective  ra th e r  than com plete 
im m unological unresponsiveness in an attem pt to evade the im m unological 
reac tio n s  of the sheep. Possible m echanism s for th is  observed depletion or 
inactivation of nem atode an tig en -reac tiv e  lym phocytes proposed by the author 
included the following hypothesis: f irs tly , that such lym phocytes had been 
re ta in ed  in the abom asal w all, p resum ably  to a s s is t  in a local im m unological 
resp o n se  or secondly that reac tiv e  ce lls  had been blockaded by soluble antigen 
or antigen-antibody com plexes in vivo or in v i t r o , in the la tte r  case  due to 
com plexes form ed by antigen com bining w ith the products of an tibody-secre ting  
c e lls  during the period of cultivation. W hichever m echanism  was functional it 
appeared  that the unresponsive sta te  of sheep to the nem atode may not only 
enhance the likelihood of surv ival of the p a ra s ite , but a lso  hinder the 
developm ent of an effective reg im e  for im m unisation agam st the p a ra s ite .
As fa r as  the p re sen t studies a re  concerned th e re  would appear to be 
considerab le  evidence, on the b a s is  of reduced m itogenic and antigenic 
re sp o n ses  of sheep iafected with F . hepatica com pared v/ith non-infected 
an im als, for a s im ila r  s ta te  of unresponsiveness to that described  by Adams 
(1978), for H. contortus infection. It would appear, however, unlike the
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fo rm er situation, since non-specific  m itogenic as w ell a s  specific antigen 
resp o n siv en ess  w as im paired , that F . hepatica may have been responsib le, for 
a polyclonal im pairm ent in the tran sfo rm in g  ability of p e rip h e ra l blood 
lym phocytes or a reduction in to ta l num bers or functional capacity of T  and B 
lym phocytes. That su p p resso r cell activ ity  is  im plicated in such a resp o n se  
is  likely , and the possib le  involvem ent of such cells  w ill be described  in 
g re a te r  detail in C hapter VI. The fact that lym phocytes of re infected  sheep 
gave po o re r resp o n ses  to m itogens and fluke L .F .E .  than once-infected 
an im als indicated that the secondary fluke infection may have enhanced the 
im pairm ent of the im m une system  previously  described  despite  the fact that 
the p rim ary  infection had been rem oved by an thelm iatic . If th is  w ere  tru e  
then it may p artly  explain the observed acute susceptib ility  of sheep to repeated  
F . hepatica infection and the inability  of sheep to mount a functional im m une 
re sp o n se  to the fluke 1. e. a re sp o n se  which would p ro tec t the anim al from  the 
pathogenic effects of the p a ra s ite .
C attle
Mitogen resp o n ses
In con trast to the re s u lts  obtained in ovine fa sc io lias is  it was apparent 
that the response  of lym phocytes from  infected and non-infected cattle  w ere of 
a s im ila r  o rd e r. The only significant points of d ifference between the two 
groups was a decreased  resp o n se  of lym phocytes from  an im als undergoing 
p rim ary  F . hepatica infection to stim ulation with Con A, and a slight d ecrease  
in resp o n se  to P. W. M. by re in fec ted  an im als com pared w ith control va lues.
As m entioned previously  it has been dem onstrated  that Con A selectively  
s tim u la tes  T  lym phocytes (Rouse and Babuik, 1974) in the bovine and that P.V/.M, 
stim u la tes  T and B lym phocytes ( Peavy et a l . , 1974). T h e re  would th e re fo re
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appear to be som e evidence to suggest that th e re  is  a slight im pairm ent of 
function or reduction in num bers  of p rim ary  T lym phocytes responsive  to those 
m itogens, following F . hepatica infection in ca ttle . In addition re sp o n ses  of 
c a ttle  to the m itogen L .P .S . a re  worthy of note. L .P .S . has been shown to 
stim ulate  B lym phocytes, a lm ost exclusively, in the m ouse (Doenhoff et a l . ,
1974). W hether tliis is  a lso  tru e  in ca ttle  has not yet been fully dem onstrated .
In the opinion of L azar y et a l . (1974) L .P .S . stim ulation m ay re p re se n t a specific 
re sp o n se  of sen sitised  lym phocytes from  an im als exposed to a c ro s s -re a c tin g  
antigen from  E. coli, and thus could be due to specific antigenic stim ulation of 
the ce lls  ra th e r  than non-specific  m itogenic stim ulation by v irtu e  of the B cell 
stim ulatory  activ ity  of L .P .S . p e r se. T his p ic tu re  is  fu rth er com plicated by 
the fact that M .E . has a weak m itogenic activity  on B ce lls  and th is  may p artly  
explain the increased re sp o n ses  of once-infected  and re in fec ted  cattle  to L .P .S . 
stim ulation com pared w ith control values, in the p resence  of M .E ., observed 
in the p re sen t stud ies. It is  considered  by the p re sen t author that until such 
tim e as the exact n a tu re  of stim ulation  of bovine lym phocytes by L .P .S . has 
been c lea rly  defined, in te rp re ta tio n  of the re su lts  of L .P .S . stim ulation in 
the p re sen t study, in view of the equivocal re su lts  obtained, would not be 
m eaningful.
O bservations s im ila r to those of the p re sen t study have been repo rted  
by sev era l groups of w o rkers  exam ining the response  of the bovine to m itogenic 
stim ulation under a va rie ty  of d ifferent c ircu m stan ces . We il and and Straub 
(1976), rep o rted  d ifferences in the in v itro  response  of lym phocytes to Con A 
of lym phocytes from  cattle  infected with enzootic bovine leucosis  (E.B. L. ).
It w as reco rd ed  that lym phocytes from  an im als suffering from  E .B .L . w ere  
significantly le s s  responsive  to Con A than those of non-infected an im als.
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The au thors dem onstrated  that lym phocytes from  an im als w ith low leucocyte 
counts w ere  m ore  reac tiv e  than from  an im als with high leucocyte counts, and 
concluded that leukotic ce lls  w ere not stim ulated  by Con A and hence the 
re s id u a l cell populations of n o rm al reac tiv e  lym phocytes w ere  alone resp o n sib le  
for the im paired  resp o n se  to Con A. The unresponsiveness of the leukotic 
ce lls  to Con A w as thought to be due to th e ir  B cell c h a ra c te r is tic s , since 
Con A is  exclusively a T  cell m itogen in cattle  (Rouse and Babiuk, 1974).
A com parable study of re sp o n ses  of cattle  under d ifferent c ircu m stan ces  
was rep o rted  by W ells et a l . (1977) who observed reduced m itogenic re sp o n ses  
in lym phocyte cu ltu res from  newly calved cows. The p ro life ra tiv e  re sp o n ses  
to stim ulation w ith P .H .A . of newly calved cows w ere shown to be considerably 
low er than non-pregnant an im als. The au thors considered  that th is reduction 
in im m unological activ ity  may be re la ted  to the elevated p lasm a concentrations 
of co rtico ste ro id s  in p a rtu rien t cattle  (Guidry et a l . , 1976) which a re  known 
to be capable of inhibiting the m an ifesta tions of cell-m ed ia ted  im m unity. This 
observation  has been d iscussed  e a r l ie r  in re la tion  to the effects of co rtico ste ro id s  
on the course  of F . hepatica infection (Corba and Spaldonova, 1974, 1975). The 
fo rm er au thors (Wells et a l . , 1977) pointed out that the subpopulation of bovine 
p e rip h e ra l blood lym phocytes asso c ia ted  with the in v itro  p ro life ra tiv e  
resp o n se  to P .H .A . has been shown to have c h a ra c te r is tic s  of T . c e lls , and 
suggested that a reduction in the resp o n siv en ess  of T ce lls  around p artu ritio n  
may be of im portance in the aetiology of d isease  in ca ttle  during the im m ediate 
p o s t-p a rtu rie n t period .
Antigen re sp o n ses
F rom  the re s u lts  of the p re sen t studies it w as apparent that p e rip h e ra l 
lym phocytes of ca ttle  infected with F . hepatica responded m ore  vigorously to
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fluke L. F . E . than those of non-infected an im als. T his was tru e  during both 
p rim ary  and secondary infection although d ifferences in re sp o n se  to L .F .E .  
when com pared with non-infected  con tro l values w ere  m ore  m arked  on 
re in fec tion .
C om parison of the above findings with those of re la ted  studies in th is 
field re fe r re d  to e lsew here  is  in s tru c tiv e  although, a t the tim e of w riting,
L .T .T .  re sp o n ses  to p a ra s ite  antigen in ca ttle  infected wdth helm inths have not 
yet been reco rd ed .
F rom  studies in ca ttle  Gene hi et a l. (1973); Genchi and S arto r e lli 
(1974), rep o rted , among other findings that the m igration  inhibition te s t (M .l .T .)  
w as positive in 71 out of 80 ca ttle  infected w ith F . hepatica and negative in a ll 
40 uninfected cattle  te s ted . The au thors  in te rp re ted  th is  re su lt  as im plicating  
c e llu la r fac to rs  responsib le  for a delayed type hypersensitive  re sp o n se . O ther 
in te re s tin g  findings of tin s work included the fact that significantly m ore  
M S t  am ine was re le ase d  by ce lls  of fluke-infected cattle  a fte r incubation with 
F . hepatica antigen, than by ce lls  from  uninfected an im als. The au thors a lso  
dem onstrated  that lii stam iné re leased  from  leucocytes of non-infected cattle  
could be in c reased  by exposure to p lasm a from  fluke-infected  an im als. T h is 
observation is  p a rticu la rly  stim ulating  bearing  in mind the thoughts of Chen and 
Soulsby (1976) and B u rre lls  e t a l . (1978) on the possib le  ro le  of serum  fac to r(s) 
in the b lastogénie re sp o n se  to m itogenic and antigenic stim ulation . As it may 
be rem em bered , the fo rm er au thors (Chen and Soulsby, 1976) suggested that 
serum  fac to rs  may in som e way modify antigen-infected b lastogenesis in the 
sheep, and the la tte r  au thors  (B urrells et a l . ,  1978) observed that suppression  
of sheep lym phocyte re sp o n ses  to P .H .A . and P. W.M. w ere  enhanced in the 
p resen ce  of autologous p lasm a, and suggested that in ltib itor(s) which may
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affect norm al re sp o n ses  of lym phocytes to antigenic and m itogenic stim ulation 
may be involved. The work of Genchi and S arto re lli (1974) indicated that 
heterologous plasm a from  donor cattle  sensitised  to fluke antigen could in 
some way modify the response  of leucocytes from  non-infected, no n -sen sitised  
contro l an im als. The significance of these observations in the light of the 
considerab le  lite ra tu re  on the tra n s fe r  of re s is ta n c e  to a wide range of 
d isease , p a ra s itic  and otherw ise, by a serum  " tran sfe r facto r"  w ill be d iscussed  
at g re a te r  length in C hapter VI.
F rom  the p re sen t stud ies i t  was apparent that th e re  w ere m arked 
d ifferences, in te rm s  of lym phocyte transfo rm ation , between the two rum inant 
species in response  to F . hepatica infection. Sheep lym phocytes displayed a 
reduced ability  to respond to both non-specific  m itogenic and specific antigenic 
stim ulation wliich would suggest that the liv e r fluke in th is  species ex erts  a 
non-specific  im m unosuppressive effect on polyclonal lymphocyte transfo rm ation  
a s  w ell as inducing a s ta te  of non-responsiveness to fluke antigen. In cattle , 
on the other hand, no such effects w ere  dem onstrab le and although th e re  did 
appear to be som e slight im pairm en t of T  cell function, on the b asis  of m itogen 
re sp o n ses , infected cattle  responded much m ore vigorously than non-infected 
an im als to fluke antigen at a ll stages of infection. This may be of g rea t 
im portance in the re sp o n ses  of the two species to re in fec tion . In sheep it 
w as c lea rly  dem onstrated  that m itogenic and antigenic re sp o n ses  w ere im paired  
when com pared with once-infected  an im als, w hereas re in fec ted  cattle  
displayed no such debility, although within the p resen t studies it m ust be 
pointed out that the com parison of re in fected  with once-infected cattle  was 
not possib le .
In sum m ary, on the b a s is  of the p resen t studies, insofar as
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lym phocyte transfo rm ation  in v itro  re f le c ts  the ce ll-m ed ia ted  im m une response  
in vivo, im m unosuppressive effects have been dem onstrated  in sheep which 
w ere  not observed in ca ttle . In the opinion of th is author these  effects m ay, 
in p a rt, explain the inability of sheep to mount an effective im m une resp o n se  
against the p a ra s ite . F u r th e r knowledge concerning the m echanism s of th is  
phenomenon in sheep could well be obtained from  studies designed to exam ine 
the c ircu lation  and localisa tion  of lym phocytes derived from  local lymph nodes 
e .g . (hepatic, coeliac) with p a rtic u la r  re fe ren ce  to the resp o n se  of such ce lls  
to  F . hepatica antigen. Studies of th is  na tu re  involving cannulation of local 
lymph ducts would be p a rticu la rly  helpful in th is  re sp ec t.
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C H A P T E R  V
CROSS-IMMUNISATION STUDIES OF FASCIOLA HEPATICA
INFECTION IN SHEEP
1 8 2
INTRODUCTION
Over the past few y e a rs  it has em erged from  various studies that 
infection w ith o ther helm inths, som e closely  re la ted , o thers only d istantly  
re la ted  as  well a s  with som e protozoan and b ac te ria l genera  may modify the 
re sp o n se  to  infection w ith the liv e r fluke F ascio la  hepatica , in rum inants 
including sheep.
The species involved include:
(a) H elm inths: F asc io la  gigantica
T aenia hydatigena (larval stage)
N ippostrongylus b ra s ille n s is  
Schistosom a m ansoni
(b) Protozoans: Babesia d iver gens
T rypanosom a congolense
(c) B acteria: Salm onella dublin
The influence of these  p a ra s ite s  w ill now be d iscussed  under the 
th ree  broad headings outlined above.
(a) H elm inths. Dorn (1974) in stud ies on guinea pigs experim entally  
infected w ith both F . hepatica and the closely re la ted  liv e r-f lu k e  F . gigantica 
w as ab le to dem onstrate  a reduction  in fluke num bers of around 50% afte r 
homologous challenge w ith F . g igan tica , but not a fte r homologous challenge 
w ith F . hepatica , nor a fte r heterologous challenge infections with e ith e r 
p a ra s ite .
However, Cam pbell et a l . (1977) w ere  able to dem onstra te  the 
stim ulation of re s is ta n c e  to F . hepatica infection in sheep due to p rio r  
infection with the la rv a l cestode C ystice rcu s  tenu ico llis , which is  of cou rse  
taxonom ically rem ote  from  the  trem atode F . h epatica . Thus sheep previously
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exposed to a period  of 12 w eeks infection w ith C. tenu ico llis  showed a reduction 
of approxim ately  95% in flukes reco v ered , from  a challenge infection of 
400 m e ta ce rc a r iae , com pared with previously  uninfected control an im als.
T his re s is ta n c e  was apparen t w hether challenge with F . hepatica m e ta ce rc a r iae  
w as superim posed  upon the la rv a l cestode infection or a fte r rem oval of the 
la t te r  w ith an an thelm intic . R es is tan t an im als a lso  had a significant reduction 
in num bers of F . hepatica eggs in th e ir faeces and w ere apparently  p ro tected  
from  the pathogenic effects of the liv e r  fluke as m easu red  by hepatic fib ro sis  
and packed cell volum e. M erino sheep infected with G. tenuicollis 
for 3 w eeks only w ere not re s is ta n t to F . hepatica infections and the au thors  
suggested that th is  may be due to the tim e req u ired  for developm ent of the 
effector m echanism , the b asis  of which was believed to be im m unological.
The a lte rn a tiv e  theory that m echanical traum a caused by m igration  of the 
la rv a l cestode had produced a physical b a r r ie r  to F . hepatica invasion was 
d ism issed  by the au thors on the grounds that fib ro sis  as evidenced by liv e r 
w eights and m icroscop ic  observations, was le ss  in responsive  anim als than in 
non-responsive  an im als.
The stage of developm ent at which the challenge fluke infection was 
affected in re s is ta n t sheep w as not c lea r in these studies, but it was thought 
that re jection  occurred  e ither before o r shortly  a fte r penetration  of the liv e r , 
re su ltin g  in few er num bers  of flukes developing to adulthood in the bile  ducts.
It rem ained  uncerta in  w hether active infection w ith C. tenuicollis 
provided protection due to d irec t activation of a specific im m une reaction  by 
c ro s s  reac tin g  antigens or w hether in d irec t potentiation of non-specific  tissu e  
reac tio n s  by a specific im m une m echanism  was involved. However, since 
im m unity to la rv a l cestodes has been successfu lly  stim ulated  using p a ra s ite -  
free  m a te ria l (Rickard and Bell, 1971), an optim istic view was expressed
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for the possib le  employm ent of such m ethods to vaccinate  sheep against 
F . hepatica .
F u r th e r evidence of c ro ss  reac tio n s  of F . hepatica with other 
helm inths was provided in studies on the nem atode N ippostrongylus b ra s ille n s is  
infections in r a ts  (Goose, 1977; Doy e t  a l . , 1978 a) & b)). The fo rm er study 
dem onstrated  that F . hepatica infected r a ts  w ere m ore  re s is ta n t than con tro ls 
to N. b ra s ille n s is . T liis re s is ta n c e  applied to  in tra -in tes tin a lly  im planted 
N. b ra s ille n s is  adults, a s  w ell as subcutaneously injected la rv ae  and w as not 
se ru m -tra n s fe ra b le . The re v e rs e  situation was studied by Doy et a l . (1978a) 
whose re su lts  indicated that ra ts  previously  infected with 3, 000 N. b ra s ille n s is  
la rv ae  had significantly low er fluke burdens than control ra ts ,w hen  challenged 
w ith 30 F . hepatica m e ta c e rc a r ia e . Immune serum  from  ra ts  infected 4 w eeks 
previously  w ith 40 F . hepatica m e ta ce rc a r iae  did not significantly im prove 
pro tection , no r did the adm in istra tion  of immune serum  p ro tec t in its  own righ t. 
The possib le  involvem ent of in testinal eosinophils, a fea tu re  of both infection with 
N. b ra s ille n s is  and F . hepatica w as proposed by these au thors (Doy et a l ., 1978b).
The re la tionsh ip  between F . hepatica and the trem atode Schistosom a 
m ansoni was investigated by H illyer et a l . (1975); H illyer (1976); H illyer 
et a l . (1977).
In experim ental infections in golden h am ste rs  and m ice it was 
c lea rly  estab lished  (Hillyer et a l . , 1975) that im m unisation w ith a crude saline 
e x trac t, or a p a rtia lly  purified  ex trac t of adult F . hepatica conferred  a 
significant degree of re s is ta n c e  to infection with c e rc a r ia e  of S. m ansoni , 
com pared with an im als im m unised with bovine serum  album in. Both e x trac ts  
of F . hepatica w ere dem onstrated  to have antigens which c ro ss  reac ted  with 
those found in adult S. m ansoni.
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The sam e author (H illyer, 1976) showed fu rth er that æ  a n tis e ra  to 
S. japonicum  adults c ro s s  reac ted  with a crude ex trac t of F . hepatica in a 
p rec ip ita tion  reac tio n . Subsequent s tud ies (Hillyer et a l . , 1977) m dicated 
that m ice and h am ste rs  inoculated w ith whole worm  e x tra c ts  of F. hepatica 
developed antibodies which w ere  reac tiv e  w ith ex trac ts  of adult S. m anson i. 
A nim als im m unised in th is  m anner a lso  produced 3 - 8  tim es m o re  S. m ansoni 
antibody in an ind irec t haem agglutination te s t than infected, but non-im m unised 
an im als. When h am ste rs  w ere  im m unised w ith whole worm  ex trac ts  of 
F . hepatica or w ith F . hepatica antigens c ro s s -re a c tin g  w ith S. m ansoni and 
subsequently challenged w ith sch istosom e c e rc a r ia e , 29 -57% le s s  adult 
S. m ansoni w ere  reco v ered  than in non-im m unised control an im als. S im ilarly  
im m unised m ice had 39 - 65% le s s  adult S. m ansoni than non-im m unised co n tro ls .
(b) Protozoans. R ecent stud ies (Goose, 1977; Hughes et a l . , 1977b) have 
dem onstrated  possib le  re la tio n sh ip s  between F . hepatica infection and infection 
w ith the protozoans T rypanosom a congolense and Babesia d ivergens resp ec tiv e ly .
Goose (1977) investigated  T . congolense infections in ra ts  experim entally  
infected with F . hepatica and obtained som e degree of re s is ta n c e  to challenge 
w ith the protozoan following p rio r  infection with the trem atode.
Hughes et a l. (1977 b ) exam ined the effect of in itia l F . hepatica 
infection on the pathogenicity of subsequent B. d ivergens infections in intact 
and splenectom ised  calves. The re s u lts  of th is study indicated that th e re  
w as no m ore  than a tendency for concu rren t F . hepatica infection to exacerbate  
B. d ivergens infections of in tact ca ttle . However, it w as rep o rted  that in tact 
an im als  infected 13 weeks previously  w dthF . hepatica had higher and m ore 
p e rs is te n t B. d ivergens p a ra s ita e m ia s  than control an im als, and in addition 
tended to have m ore sev ere  feb rile  re sp o n ses . T here  was no evidence that
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splenectom ised an im als s im ila rly  infected with F . hepatica had m ore severe  
re sp o n ses  to B. d ivergens infection than control an im als.
(c) B acteria . An association  between the occurrence of salm onellosis and
fa sc io lias is  in ca ttle  was d escribed  by F r ik  (1969) and D ijkstra  (1973) who
m aintained that S. dublin excretion  was closely  linked to concurren t F . hepatica
infection. T his view was opposed by T aylor and K ilpatrick  (1975) who a ttribu ted
the apparent co rre la tio n  to  the fact that both infections w ere influenced by
s im ila r c lim atic  conditions and m anagem ent p ra c tice s . Since then it has been
rep o rted  that ca ttle  infected with fluke showed an in c reased  suscep tib ility  to
experim ental infections w ith S. dublin (Aitken et a l . , 1976; Ait ken et a l . , 1978
a) & b) ). Those au thors investigated  firs tly  the effects of experim ental
S. dublin infection in ca ttle  infected 13 weeks previously  w ith F . hepatica, and
secondly the effects of in travenous S. dublin infection on ca ttle  at d ifferen t
stages of F . hepatica infection. The fo rm er study (Aitken et a l . , 1978 a) )
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indicated that th e re  was a reduction in the le thal dose of S. dublin (5 x 10
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b a c te ria  com pared with 10 ) in cattle  infected 13 weeks previously  with 
F . hepatica com pared w ith con tro l flu k e-free  an im als. It was fu rther noticed 
that surviving an im als infected with F . hepatica excreted  la rg e r  num bers of 
S. dublin m ore  frequently and fo r a longer period than fin ite-free  an im als.
The au tho rs  postulated that the enhanced suscep tib ility  of F . hepatica m fected 
an im als to S. dublin may be in p a rt due to im pairm ent of liv e r  function due to 
hepatocellu lar dam age re su ltin g  in d ecreased  phagocytosis by ce lls  of the 
re ticu la r-en d o th e lia l system  and detoxification of endotoxin. It was a lso  
suggested that im m unosuppression due to  F . hepatica infection may be involved, 
which may include both ce llu la r and hum oral defence m echanism s, and that 
considerab le  im portance may be a ttached  to the fact that a low level of
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fa sc io lia s is , common in ca ttle  in the field situation may p red ispose  to c lin ical 
sa lm onellosis  and for p e rs is te n t excretion  of S. dublin c rea tin g  a c a r r ie r  state  
and encouraging spread  of infection.
Subsequently, a s im ila r  study by the sam e au tho rs  (Aitken et a l . ,
1978 b)) was undertaken to determ ine  how S. dublin infections w ere influenced 
by F . hepatica infections of d iffering duration . It was rep o rted  that a s im ila r 
enhancem ent of pathogenicity as  p reviously  described  in ca ttle  with 13 week 
F . hepatica infections, o ccu rred  in an im als infected with F . hepatica 25 weeks 
before S. dublin infection. However, when S. dublin infection w as given to 
ca ttle  1 week a fte r F . hepatica infection it produced no m o re  sev ere  c lin ical 
effects than in fluke-free  ca ttle . E xcretion  of S. dublin was again g rea tly  
enhanced in cattle  infected 25 w eeks a fte r  F . hepatica infection, but not in 
an im als  with only w eek-old F . hepatica infection.
The au thors  a ttrib u ted  tliis d ifference to the fact that F . hepatica 
may produce fac to rs  which in te rfe re  w ith phagocytosis or antibody produced 
against F . hepatica may block in te rac tio n s  between S. dublin and phagocytic 
c e lls . It was p resum ed that an insufficient quantity of such fac to rs  had been 
produced a fte r only one week of infection to affect the co u rse  of S. dublin 
infection.
It w as a lso  pointed out that ca ttle  chronically  affected with fluke in 
the field situation may a lso  be m ore  severe ly  affected by S. dublin  infection.
As w ell as in te rac tio n s  with other p a ra s ite s  and b ac te ria  the course  
of F . hepatica infection, in common with many other helm inth infections may 
be a lte red  by a num ber of host fac to rs  including age, sex, b reed , and in the 
case  of sheep, haemoglobin type (Altaif and Dargie, 1978 a) & b) ).
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Effects of age
D escrip tions of acu te  fa sc io lia s is  in ca ttle  a re  very  r a re ,  in the field 
situation . Possibly the  only descrip tion  is  provided by R oss (1966 a) in N orthern  
Ireland , w here sev ere  clin ical d isea se  w as described , significantly  in an im als 
only 5 - 8  m onths of age. T h ere  has been a g rea t deal of controversy  over 
the o ccu rrence  of c lin ical fa sc io lia s is  in adult cattle  which in its e lf  suggests 
tha t an age fac to r may be involved in re s is ta n c e  to fa sc io lia s is  in ca ttle , since 
a t the date of w riting, the o ccu rrence  of c lin ical fa sc io lia s is  in adult cattle  in 
th is  country has not been docum ented.
In the labo ra to ry  m odel of experim ental fa sc io lias is  in the r a t  th e re  
have been a num ber of re p o r ts  of age re s is ta n c e . Goose and M cGregor (1974) 
rep o rted  that suscep tib ility  to F . hepatic a infection in W istar s tra in  r a ts  
in c reased  w ith age from  w eaning to puberty . T h e rea fte r an age re s is ta n c e  
developed and r a ts  becam e le s s  suscep tib le . T hese findings a re  in general 
ag reem ent w ith those of Hayes et a l. (1974b). The la tte r  au tho rs  using m ale  
outbred Albino ra ts  (C .D . ra ts )  observed a reduction of 56% in num ber of flukes 
recovered  from  ra ts  infected w ith 20 F .hepatica  m e ta ce rc a r iae  when 54 w eeks old, 
com pared w ith r a ts  s im ila rly  infected when 4 weeks of age. An incidental 
finding in tliis study w as the effect of age on existing  F . hepatica infection.
It was reco rd ed  that som e ra ts  infected 52 weeks previously  with 20 F . hepatica 
m e ta c e rc a r ia e  had m uch enlarged  but empty bile ducts, indicating that fluke 
lo ss  had o ccu rred . It w as suggested that the effect of host age on an ex isting  
F . hepatica infection in the r a t ,  m erited  fu rther study.
V arious fea tu res  of the age re s is ta n c e  phenomenon in r a ts  experim entally  
infected with F . hepatica w ere d escribed  by R ajasekariah  and Howell (1977), 
u sing  m ale  W istar r a ts .  The au th o rs  sum m arised  these  fea tu res  as  follows:
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1) D em onstration of age re s is ta n c e  depended on the infecting 
dose of m e ta ce rc a r iae  being g re a te r  than 1.
2) Age re s is ta n c e  was consisten tly  observed in com parisons 
of fluke burdens from  15 and 25 week-old r a ts ,  with those 
of 5 w eek-old r a ts .
3) Once re s is ta n c e  w as estab lished  it did not appear to in c rease  
w ith age, since no difference was observed between fluke 
re c o v e rie s  from  15 and 25 week old r a ts .
4) 10 week old r a ts  varied  in th e ir  degree of expression  of 
re s is ta n c e  and it was thought tliat re s is ta n c e  developed 
around tlois age.
E ffects of sex and b reed  (stra in )
V arious re p o rts  have shown that sex and b reed  (s tra in ) may modify 
the h o s t’s resp o n se  to F . hepatica infection. The m ajo rity  of th ese  have 
been concerned w ith the labo ra to ry  m odel of F . hepatica infection in the ra t, 
although Van T iggele (PhD th e sis  1978) in studies on experim ental and n a tu ra l 
F . hepatica infections in sheep a lso  p resen ted  som e evidence that sex may be 
an im portan t factor in determ in ing  the resp o n se  to the p a ra s ite .
Goose and M cGregor (1974) reco rd ed  that m ale  W istar s tra in  ra ts  
w ere  m ore  susceptib le  to experim ental F . hepatica infection at puberty than 
fem ale r a ts .  T his situation w as re v e rse d  in m ale r a ts  im planted with 
o estrad io l and in fem ale r a ts  im planted w ith te sto ste ro n e  p rio r  to infection. 
T his sex d ifference was not dem onstrated  in weanling ra ts  or in m atu re  
an im als. These w o rk e rs  fu rth er rep o rted  that ra ts  of both sexes w ere  
re s is ta n t to a challenge infection following an in itia l im m unising infection, 
fem ales being m ore  re s is ta n t than m a le s . In th is study flukes recovered
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from  m ale  r a ts  tended to be la rg e r  than those recovered  from  fem ales.
Hughes and H arness (1974); Hughes et a l . (1976c), while conducting 
experim ents a ttem pting to im m unise r a ts  against F . hepatica, noticed significant 
d ifferences in fluke burdens between m ale and fem ale control r a ts ,  Tliis led those 
w o rk ers  to investigate sex, as well as s tra in  d ifferences as fac to rs  controlling  
resp o n ses  to F . hepatica infection in the r a t .  The s tra in s  used w ere Piebald Virol 
Glaxo (PVG) and Sprague Dawley (SD). When m ale  and fem ale ra ts  of both 
s tra in s  w ere  killed 3 m onths a fte r experim ental infection with 20 m e ta ce rc a r iae  
of F . hepatica , i . e .  when they w ere  8 w eeks of age, a highly significant d ifference 
w as found between fluke burdens of the 2 s tra in s , the PVG s tra in  being m ore 
suscep tib le  than the SD. T h e re  w as a lso  found to be a liighly significant sex 
d ifference  within the PVG s tra in ; the m ale  ra ts  proving m uch m ore susceptib le  
to  F . hepatica infection than the fem ales . In the SD s tra in  sex did not influence 
fluke recovery  significantly .
D ifferences w ere  a lso  observed in longevity of F . hepatica infection 
between the two s tra in s . PVG r a ts  lo s t th e ir  fluke burden 7 - 8  w eeks a fte r 
infection while SD ra ts  did not rid  them selves of flukes until 12 m onths of 
infection.
F u r th e r  evidence of the effect of sex and s tra in  of r a t  on the cou rse  of 
F . hepatica infection w as provided by D argie (personal com m unication) who 
noted tha t the Hooded L is te r  s tra in  of r a t  appeared to be m o re  susceptib le  than 
the  W istar s tra in  to experim ental infection with F . hepatica. Within the Hooded 
L is te r  s tra in  fem ale r a ts  appeared  to  be m ore re s is ta n t than m ales.
E ffects of haemoglobin type
C onsiderable evidence has accrued  over the y e a rs  to support the 
theory  that the response  of sheep to helm inth p a ra s ite s  may be in p a rt de term ined
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by th e ir  haemoglobin type. Most of th is  w ork has been c a r r ie d  out w ith the 
abom asal nem atode Ha em on chus co n to rtu s .
Sheep, a s  w ell a s  goats, dem onstrate  c lea r polym orphism  for 
haem oglobin in tha t 2 a lle lle s  (A and B) a re  norm ally  found (H arris  and W arren , 
1955; Huism an et a l ., 1958 a) & b) ). The expression  of th ese  a lle lle s  in 
haemoglobin types v a r ie s  considerab ly  between d ifferen t b reed s of sheep.
Several groups of w o rk e rs  including Evans and Wliitlock (1964);
Jilek  and Bradley (1969); R adhakrishnan et a l. (1972); Allonby and U rquhart
(1976), in vario u s  p a r ts  of the w orld, have shown that g raz ing  sheep which 
a r e  m o re  able to cope w ith H. con tortus infection in te rm s  of m aintaining 
higher haem atological p a ra m e te rs  and low er faecal egg counts tended to be 
of haemoglobin type A (HbAA).
. T h is  influence of genetic fac to rs  on re s is ta n c e  to  helm inths w as 
fu rth e r studied by A lta if and D argie (1978 a) & b) in studies of experim ental 
infections w ith H. contortus on Scottish  Blackface and Fimi D orset sheep.
T hese  au thors  w ere  able to dem onstra te , f irs tly  that haemoglobin A (HbAA) 
sheep of both b reed s  suffered  le s s  sev e re  c lin ical and pathophysiological 
effects in re sp o n se  to H. contortus infection than haemoglobin B (HbBB) sheep.
It w as fu rth e r rep o rted  (Alt a if and D argie, 1978 b) ) that s im ila r  advantages 
a s  outlined above w ere  exhibited by haemoglobin AB(HbAB) sheep com pared 
w ith Hb BB sheep. In both studies the im portance of b reed  was underlined 
by the fact that Scottish Blackface sheep w ere le ss  severe ly  affected clin ically  
and pathophysiologically by H. con tortus infection than Finn D orset sheep, 
re g a rd le ss  of haemoglobin type, the fo rm er b reed  a lso  showed a " se lf-c u re "  
re sp o n se  absent in the la tte r . While acknowledging the im portance of 
haemoglobin type as  a guide to genetic re s is ta n c e  of individual sheep to 
p a ra s itism  in g enera l the au thors  w ere  of the opinion that b reed  d ifferences
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w ere  m uch m ore  im p ressiv e , and of potentially g re a te r  p rac tica l value.
With a view to the evidence p resen ted  above Van Tiggele (PhD th esis  
1978) exam ined the possib le  effects of sex  and haemoglobin type on the 
resp o n se  of Texel Sheep in the N etherlands to different levels of experim ental 
infection with F . hepatica.
In teresting ly  enough, th is  w ork indicated that haemoglobin type B 
(HbBB) i . e . , the re v e rs e  of tha t of Scottish Blackface and Finn D orset sheep 
re s is ta n t to haem onchosis, w ere  m uch m ore  re s is ta n t to infection w ith 1, 000 
m e ta ce rc a r iae  than haemoglobin type A (HbAA) sheep. HbAA sheep survived 
a s  long as  13 weeks a fte r infection w ith 1, 200 m e ta ce rc a r iae  w hereas HbBB 
sheep survived a s  long as  30 w eeks a fte r s im ila r infection. In addition 
fem ale AA sheep died from  acu te  fa sc io lia s is  w ith re la tiv e ly  few flukes,
8 weeks a fte r infection w ith e ith e r 400 or 600 m e ta ce rc a r iae . The author 
pointed out that HbAA Texel sheep w ere  re la tive ly  r a r e  in the field population 
and suggested that tliis may be explained by a n a tu ra l selection due to 
fa sc io lia s is  tow ards HbBB types, although acknowledging that accord ing  to 
o ther studies (Allonby and U rquhart, 1976; A ltaif and D argie, 1978 a) & b) such 
sheep may well be le s s  re s is ta n t to  H. contortus infection.
Bearing in mind all the possib le  effects of the fac to rs  described  above, 
in the p resen t c ro ss  im m unity stud ies w ith F . hepatica ca re  was taken to 
e lim inate  w here possib le  the effects of age, sex and breed  on individual 
re sp o n ses  to F . hepatica . In addition haemoglobin types of the sheep under 
experim ent w ere determ ined  before  any studies began and an effort was m ade 
to s tan d ard ise  groups of an im als w ith re sp ec t to haemoglobin types.
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Possible immunomodulatory effects of L. te t ramisole  (Levamisole) on 
paras i t ic  infections
Levam isole is  a synthetic anthelm intic f ir s t  described  by Thienpont 
et a l . (1966),w ith a broad spectrum  of activ ity  against m ost nem atode species 
of man and dom estic an im als, which has been safely and extensively used in 
human and v e te rin a ry  m edicine.
Another p roperty  of th is  basic  compound was dem onstrated  by Renoux 
and Renoux (1971), who rep o rted  that levam isole augm ented the p ro tec tive  
effect of a B rucella vaccine in m ice . Since that tim e num erous studies have 
been c a rrie d  out, (recently  review ed by Janssen (1976); Symoens and R osenthal
(1977), into both the im m unodulatory effects of levam iso le  and in v itro  under 
a wide range of conditions and d isease  s ta te s . T hese included the effects of 
the drug  on m ic ro -o rg an ism s , various ce lls , hum oral and cell-m ed iated  
im m unity, inflam m ation, neop lastic  d isease , chronic infectious d isease  and 
p a ra s itic  d isea se . Much conflicting evidence was produced reg ard in g  the 
action of levam iso le . F o r exam ple, in vivo levam isole  in c reased  the 
p ro tec tive  effect of b a c te ria l, p ro tozoal or tum our vaccines (Desowitz, 1975;
Irwin et a l . , 1975; Ibrahim  et a l ., 1977); increased  re s is ta n c e  to infection with 
pyogenic b ac te ria , herpes v iru se s  or tum our cell invasion in newborn rodents 
(F isch e r et a l . , 1974, 1975; T h iry  et a l . , 1975), but did not influence 
re s is ta n c e  to a p rim a ry  invasion by pathogenic b ac te ria , v iru se s , protozoa 
o r tum our ce lls  (Renoux and Renoux, 1971; El Ghemali and Vas, 1974; Benazet 
et a l . ,  1973). In v itro  levam iso le  in c reased  phagocytosis by polymonpho- 
n u c lea r cells  or m acrophages when added to these  ce lls  or given to donor 
an im als and humans (Ippen and Q uadripur, 1975; Van Heule et a l . . 1976), in c reased  
nucleic  acid' or pro te in  syn thesis  in antigen stim ulated T . lym phocytes without 
affecting B ce ll re sp o n ses  (Hadden, 1975; M erluzzi ct a l . , 1976;
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Renoux et a l . , 1977), and re s to re d  to no rm al the num ber of T cells  in humans 
in whom th ese  num bers w ere  reduced (Bensa et a l . ,  1976; E llegaard  and Boesen 
1976; Levo et a l . , 1975).
It em erged from  many of the studies outlined above that levam isole  
influenced host defences by m odulating ce ll-m ed ia ted  im m une resp o n ses  by 
im proving the re sp o n ses  of polym orphonuclear ce lls , m acrophages and 
T . lym phocytes to an tigens. T h is  w as generally  not accom panied by an 
in c re a se  in serum  antibody level and effects w ere m ost m arked  in ce lls  from  
hosts  "com prom ised" in som e way, e .g . m te rm s  of age or in te rc u rre n t d isease .
It w as suggested (Symoens and R osenthal, 1977), that levam iso le , in d isease  s ta tes  
ch a rac te rised  by reduced cellular resp onsiveness, antigenic p e rs is ten ce  and 
B cell hyperactiv ity , by im proving ce llu lar immune functions stim ulated  early  
inflam m atory events, rem oving p e rs is te n t antigen and contro lling  B cell 
reac tiv ity .
In so fa r a s  the p a ra s itise d  anim al or human is  a com prom ised host 
it is  logical to p resum e that levam iso le , by v irtue  of its  im m unom odulatory 
p ro p e rtie s  previously d iscussed , may a lte r  the resp o n se  of the host to infection 
with a protozoan or helm inth p a ra s ite . This, in fact, has been dem onstrated  
in the a lte red  reaction  of the host to the protozoans Toxoplasm a gondii 
(Fegies and G u erre ro , 1977); Plasm odium  berghei (R ichard-Lenoble et a l . ,
1974; Desowitz, 1975), and the helm inth N lppostrongylus b ra s ilie n s is  
(Liauw et a l . , 1977). R ichard-L enoble  et a l . (1974) investigated  the 
effect of various im m unostim ulants in m ice and ra ts  experim entally  infected 
with Plasmodium berghei berghei. T hese w orkers  rep o rted  firs tly  that the 
optimum action of levam iso le  was obtained when antigen and the drug w ere 
p resen ted  sim ultaneously, and secondly that the stim ulating  action of
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levam iso le  rem ained  independent of the varia tion  in specific c ircu la ting  
antibody. An ancilla ry  finding of th is  study was that an im als infected with 
the protozoan and levam isole  had a m arkedly  dim inished m ortality  ra te  
com pared with infected, contro l an im als.
The sam e protozoan P. berghei featured  in an investigation by 
Desowitz (1975) into im m unogenic enhancem ent of antigen by the addition of 
adjuvants, including levam iso le , in experim ental P. berghei infection in m ice, 
T h is author reco rded  that levam iso le  when given e ither 24 hours before , or 
in com bination w ith the soluble P. berghei antigen had a definite im m uno- 
enhancing effect in tha t the m o rta lity  ra te  in trea ted  m ice was approxim ately 
one-th ird  that of the contro l group. However, trea ted  m ice did not display a 
reduction in p a ras itaem ia  no r w as the patent period of infection appreciably 
sh o rte r , com pared with contro l m ice . In teresting ly  enough, in th is 
investigation levam isole  appeared  to have enhanced the p rim ary  response  to 
the p a ra s ite  when given with or before P. berghei antigen. T h is observation 
in som e way con trad icts  those of Renoux and Renoux (1971) who w ere unable 
to dem onstrate  any effects of levam iso le  on the course  of p rim ary  invasion 
by b ac te ria , but found ra th e r  that levam isole was only effective in hosts 
p reviously  sen sitised  to the antigen. The author (Desowitz, 1975) opined 
that the elucidation of the m echanism (s) by which levam isole  exerted  its  
im m unoenhancing effect would be of value and m erited  fu rth e r study, w ith 
a view to application to  p rim ate  Plasm odium  infections.
In the helm inth field Liauw et al. (1977), repo rted  stim ulation 
by levam isole of a delayed type hypersensitive  reaction  in m ice infected 
with N ippostrongylus b ra s ilie n s is . This reaction  occu rred  when 
m ice infected subcutaneously with the helm inth w ere challenged in traderm ally
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w ith adult N. b ra s ilie n s is  whole w orm  antigen, and the au thors rep o rted  that 
levam iso le  exerted  an im m unostim ulant effect in the system  outlined above.
Such an effect re su lted  in enhancem ent of th is delayed-type hypersensitive  
reactio n , but w as operative only within a w ell-defined reg im en  controlled by 
the dose ra te  of the drug  and the tim e of application of the helm inth antigen.
The au thors  considered  th is  system  to be a p rom ising  labo ra to ry  tool in 
dectection of im m unostim ulant effects.
As far as the p resen t experim ents a re  concerned, provision was 
m ade in experim ental design, for consideration of the possib le  ro le  of 
levam iso le , e ither alone, or in com bination with other p a ra s itic  infections, 
in m odulating the im m une re sp o n se  of sheep to F . hepatica.
EXPERIMENTAL DESIGN 
45 lam bs w ere  used in th ese  studies, in 2 com plem entary experim ents, 
29 an im als being employed in the f ir s t  experim ent (Experim ent 'A '), and 16 in 
the second (Experim ent 'B ').
E xperim ent 'A '
O bject. T ins experim ent was designed to investigate the possib le  c ro ss  
p ro tec tive  effect of p rio r  infection w ith other helm inths on the pathogenic 
effects of F . hepatica .
Two of the helm inths used in th is  experim ent, nam ely A sc a ris  suum 
and T aenia hydatigena have a m ig ra to ry  pathway which, like that of F . hepatica, 
involves, a t som e stage, invasion of liv e r  tis su e . It w as hoped that the 
experim ent may indicate w hether th is  s im ila rity  in m ig ra to ry  pathway caused 
a specific or non-specific  re sp o n se  which m ay be responsib le  for c ro ss  
p ro tection  against F . hepatica infection in sheep.
In addition, the f ir s t  of a tw o-part study was undertaken into the
197
possib le  im m unom odulatory effects of .the anthelm intic L. te tram iso le  
(L evam isole) e ither p e r  se, o r following infection with both abom asal and 
in tes tin a l nem atodes, on the co u rse  of fa sc io lia s is  in sheep. The second 
p a rt of th is  study was incorpora ted  into E xperim ent ’B',
E xperim ental design
The schedule of the va rio u s  infections and tre a tm e n ts  of E xperim ent 'A ' 
a re  shown in Table V. 1. Lam bs w ere  allocated  in the various groups on the 
b a s is  of weight. Haemoglobin type was determ ined for a ll lam bs p rio r  to the 
com m encem ent of the experim ent and th is was taken into account when lam bs 
w ere  being divided into groups. T h is inform ation is  sum m arised  in Table V .2 .
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Group No. Lamb No. Hb type Weight (kg)
Nl B 21
I N2 AB 13N3 B 17
N4 B 17
N Ll B 13
II NL2 AB 17
NL3 B 22
NL4 B 20
LI B 15
III L2 AB 19L3 B 19
L4 B 21
C l AB 12
IV C2 B 17C3 B 20
C4 B 21
A l B 16
V A2 AB 21A3 B 16
A4 B 14
T1 B 26
VI T2 AB 11
T3 B 15
T4 B 14
VII NCI AB 20NC2 B 16
VIII TC ITC2
B
AB
21
18
IX ACl AB _ .....21
Table V .2: W eights and Haemoglobin Types 
E xperim ent 'A '
A ll infections outlined in Table V.l w ere given as o ra l doses and 
levam iso le  was injected  subcutaneously. Faecal sam ples w ere  collected 
weekly from  an im als challenged with F . hepatica m e ta ce rc a r iae , com m encing 
9 - 1 0  w eeks post challenge and continuing until s laughter, and exam ined for 
the p resen ce  of F . hepatica ova. All lam bs w ere bled weekly, d irec tly  from  
the jugular vein and serum  sto red  im m ediately  at -20°C, com m encing 2 weeks 
before challenge with F . hepatica m e ta ce rc a r iae , and continuing until slaughter,
2 0 0
E xperim ent 'B'
O bject. The object of th is  experim ent was to confirm  and extend the . 
findings of E xperim ent A, in that the effects of p rio r  exposure to m ore than 
one helm inth infection on F . hepatica infection in sheep was studied. F u rth e r 
studies on the ro le  of L te tram iso le  (L evam isole) on im m unity to ovine 
fluke infection w ere c a r r ie d  out. In these  studies levam iso le  was given 
e ith e r before infection w ith the la rv a l cestode G. tenu ico llis  or p rio r  to 
infection with th is p a ra s ite , following exposure to both abom asal and 
in testina l nem atode sp ec ies . It w as hoped that these studies may dem onstra te  
w hether or not p rio r  infection with other helm inths ren d ered  susceptib le  
sheep im m unologically "com prom ised" hosts, and if so w hether levam isole  
exerted  an im m unostim ulant effect sufficient to re su lt in a functional im m unity 
to F . hepatica infection in sheep.
E xperim ental design
16 lam bs w ere used in th is  experim ent. Lam bs w ere again a ss ig ie d  
to the various groups on a weight b a s is . As in E xperim ent 'A ’ haemoglobin 
typing w as c a rr ie d  out before  the com m encem ent of th is  experim ent and th is 
inform ation was a lso  taken into account when groups w ere  being allocated .
The various infections and trea tm en ts  of the groups a re  given in Table V .3 . 
Lamb w eights and haemoglobin types a re  shown in Table V. 4. F o r reaso n s  
of economy it was decided in th is  experim ent to use the sam e an im als as  in 
Experim ent 'A ' to control A. suum, T . hydatigena and nem atode infections.
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Group No. Lamb No. Hb type Weight (kg)
L T l AB 23
j[ LT2 B 23
LT3 B 19
LT4 B 27
N Tl AB 23
2 NT2 AB 40
NT3 B 21
NT4 B 20
F I AB 21
q F2 B 26O F3 B 30
F4 AB 39
C l AB 20
À C2 B 394 C3 B 26
C4 B 30
Table V. 4: W eights and Haemoglobin Types
E xperim ent 'B'
All Infections outlined in T able  V .3 w ere adm in istered  as o ra l doses, 
and levam iso le  was injected  subcutaneously. Lambs w ere  bled weekly d irec tly  
from  the jugu lar vein com m encing 2 w eeks before F . hepatica infection, and 
continuing until s laugh ter. F aeca l sam ples w ere collected  weekly, com m encing
9 - 1 0  weeks a fte r F . hepatica infection, until s laughter.
2 0 3
Passive T ran sfe r Experim ent II
Object. In addition to the two cross-im m un ity  experim ents previously • 
d escribed  an ancillary  experim ent was set up using the labora to ry  model of 
F . hepatica infection in the r a t .  In co n tra st to passive  tra n s fe r  E xperim ent I 
(see C hapter III) fem ale r a ts  of the Hooded L is te r s tra in  w ere  used because 
it w as felt that these  may be immunologic ally m ore  responsive  than m ale ra ts  
used previously (Dargie, personal com m unication). Tliis experim ent was 
designed to determine the re la tiv e  pro tection , in te rm s  of reduction in fluke 
burdens, afforded by serum  from  fluke-infected sheep and cattle , when 
com pared with serum  from  sheep infected with C. tenu ico llis . It was hoped 
that th is may c larify  the ro le  of the la rv a l cestode in inducing im m unity to 
F . hepatica in sheep.
E xperim ental design
The various groups used in tliis experim ent a re  sum m arised  in 
Table V.5.
Group No. No. of ra ts Type of serum Challenge*
1 8 8 week ovine F . hepatica +
2 8 8 week bovine F . hepatica +
3 8 14 week ovine C .tenu ico llis
4 8 N orm al +
5 10 - 4-
Table V»5: Passive T ra n s fe r  Experim ent II:
E xperim ental Design
* 20 F . hepatica m e ta c e rc a r ia e  o rally
2 0.4
As outlined previously  (see C hapter III), a ll r a ts  w ere injected 
in traperitonea lly  w ith 2 doses of 10 m is of the app ropria te  serum , the 
f i r s t  dose being given at the tim e of challenge and the second 18 - 20 hours 
la te r .  All r a ts  w ere  sac rificed  9 w eeks la te r  for recovery  of adult flukes 
from  the b ile ducts.
R E S U L T S
P ost-m ortem  findings
An a rb itra ry  c lassifica tion  on the b a s is  of g ro ss  pathology of the 
liv e rs  of the sheep in the v a rio u s  trea tm en t groups of E xperim ents *A' and 
’B' is  illu s tra ted  in T ab les V.6 and V.7 respec tive ly . The num bers of 
flukes and th e ir  size  d istribu tion  in the liv e rs  of experim ental sheep in the 
two experim ents a re  showai in T ab le  V.8 and V .9, and num bers of nem atodes 
and la rv a l cestodes reco v ered  from  the app ropria te  groups a re  shown in 
T ab les V.IO and V. 11.
2 0-5
Group No. Lamb No. L iver wt. (gms) F ib ro s is  ’ Calcification i H aem orrhage
521N l
N2 448
512N3
546N4
346N Ll
NL2 525 -H-
539NL3
443NL4
LI 375
L2 488 LI-
III 486L3
617L4
C l 512
C2 511
641C3
C4 730
A l 580
A2 584
560A3
A4 499
500T1
T2 419
VI 624T3
624T4 -H-
Table V .6: C lassification  of liv e r lesions in fluke-infected sheep
Experiment 'A'
2 0 6
Croup No. Lamb No. L iver w t.(gm s) F ib ro s is C alcification H aem orrhage
LT l 842 + “ +
LT2 762 -
1
LT3 690 T “ +
LT4 746 + - -
N Tl 716 - -
NT2 669 + - -
2
NT3 933 + - +
NT4 522 + - +
F I 670 - - +
F2 1025 + - -
3
F3 586 + - -
F4 938 + - -
C l ; 785 T f +
C2 : 883 + -
4
C3 556 + - +
C4 615
1
+ - +
Table V.7 : C lassification  of liv e r le sio n s  in fluke-infected  sheep
E xperim ent 'B'
2 0 7
Nos. of flukes
6“ 12 mm <6 m m' Total>12 mm R em arksGroup No. Lamb No.
1 C. tenuicollis101
100
N l
N2
N3
N4
No
No
m easu rem en ts
m easu rem en ts
N Ll
NL2
NL3
NL4
1 C. tenu ico llisNo m easurem ents
L1
L2
L3
L4
32,
24ni No m easu rem en ts  
43 3
C l
02
C3
C4
A l 2 0 .6  mm 
granulom as lung
59
A2
A3
A4
14
3 0 .5  mm 
granulom as lung
No m easu rem en ts
^ 100
C. tenu ico llis
T1
T2 13 ^ 30 D egenerate 
C, tenu ico llisVI
T3 3100
C. tenuicollis
T4 $ 5 0
C. tenu ico llis
54
Table V .8: Fluke re c o v e rie s
Experiment 'A'
2 08
Ill 5 an im als fluke m easu rem en ts  w ere found to be im possib le  due to 
overnight degeneration of fluke m a te r ia l, 2 anim als (Nl and NL2) w ere found 
to have a b e rran t G. tenu ico llis  infection. This was presum ably  due to 
exposure to infection p r io r  to purchase , since all an im als had been m aintained 
under he lm in th -free  conditions since being obtained from  a local farm , at
1 0 - 1 2  weeks of age.
N os. of flukes
Group No.' Lamb No. >12 m m  ' 6-12 mm <6 mm Total R em arks
L T l 52 32 2 86 $ 20 D egenerate 
C. tenu ico llis
1 LT2 14 36 11 61 < 60 C. tenu ico llis
LT3 3 22 2 27 1 C. tenu ico llis
LT4 75 17 18 110 < 50 C. tenu ico llis
N Tl 30 43 2 75 3: 20 D egenerate 
C. tenu ico llis
2 NT2 25 18 22 65 < 30 D egenerate 
C. tenu ico llis
NT3 15 38 1 54 3 C .ten u ico llis
NT4 8 48 2 58 < 30 D egenerate 
C. tenu ico llis
F I 22 14 1 1 37 $ 7 0  C. tenu ico llis
3 F2 8 27 1 1 36 10 C .ten u ico llis
F3 27 26 : 6 59 $20 C .ten u ico llis
F4 39 22 i  13
i
!
; 74 I $20 D egenerate 
C. tenu ico llis
I
C l 10 103 1 : 114 ii
4 C2 14 70 10 94 !
C3
C4
7
6
22
115
! 25 54 
1 125
Table V.9 : F luke re c o v e rie s
E xperim ent 'B'
2 0 9
Group No. Lamb No. C.tenuicollis A. suum OeircLimcincta T. c olubri fonni s Alisc.
NGl - 100 2, 300 1,500
VII Nematodirus
sp.
NC2 100 750
TCI N um erous
degenerate
VIII
TC2 N um erous
degenerate
IX ACl . Evidence
of liv e r
m igration
Table V. 10: Infectivity con tro ls
E xperim ent 'A'
Group No. Lamb No. ! 0 . c ircum cincta T. co lubrifo rm is M iscellaneous
N Tl 50 - -
2 NT2 - 1900 50 C ooperia sp.
NT3 - 500 50 T. v itr in u s
NT4 - 2900
F I - - 150 Cooperia sp.
3 F2 - - 50 C ooperia sp.
F3 -
F4 - - -
Table V .l I-' Nem atode re c o v e rie s
Experiment
2 1 0
By com parison  w ith Table V.IO it can be seen that the num bers of 
T . co lubrifo rm is reco v ered  from  the sm all in testine  of the above groups of 
sheep a re  of the sam e o rd er as in Experim ent ’A '. The scarc ity  of 
O. c ircum cincta  recovery  in both experim ents is not su rp ris in g  in view of 
the fact that the two experim ents had lasted  for a period  of roughly 6 and 
10 m onths respective ly  during wlilch tim e spontaneous lo ss  of the abom asal 
nem atode would have occurred  as described  by A rm our et a l . (1966).
Cooperia species reco v ered  from  the sm all in testine  of both groups 
w ere  presum ably due to contam ination of the O. c ircum cincta  cu ltu re  with 
th is  p a ra s ite . It is  a lso  of incidental in te re s t to note that a few Cooperia 
spec ies  recovered  from  Group 3 had survived 3 anthelm intic trea tm en ts  with 
levam iso le  at a dose ra te  of 6 m g/kg . T . v itrinus recovered  from  NTS in 
Group 2 was presum ably  due to contam ination of the T . co lubrifo rm is la rv a l 
c u l tu re .
S ta tis tica l analysis  of the fluke reco v erie s  from  the two experim ents 
'A ' and 'B' a re  illu s tra ted  in T ab les V. 12 and V. 13. In Experim ent 'A' 
(Table V. 11) the p a ram e tr ic  S tudent's 't ' te s t was favoured for such analysis  
as  th e re  was a norm al d istribu tion  of observations and the variance  of the 
individual groups was of com parable  o rd e r. However, in Experim ent 'B' 
Table V. 12) on com parison of the individual groups it was found that in one 
case  (Group 2 and Group 4), th e re  was a la rge  difference in variance  and for 
th is  reaso n  the n o n -p a ram etric  Mann-Whitney U T est w as p re fe rre d  for 
analy sis  of the data of tliis experim ent.
2 1 1
Reduction Probability
Group No. Lamb No. T otal No. F lukes Mean + S. D. % vs. control 'P'
N l 101
1 N2 100 82 + 21 46 .4 p < . 05
N3 67 S .E .IO in c rease
N4 63
N Ll 47
II NL2
NL3
NL4
29
35
13
31 + 14 
S .E .1 4  
S .E . 7
30 .3 N .S .
LI 44
III L2 87
66 + 21 32.5 N .S .
L3 53 S .E .IO in c rease
L4 80
C l 27
IV . C2
C3
C4
35
47
65
45 + 18 
S .E . 8
A l 59
V A2 30 45 + 12 1.1 N.-S.
A3 49 S .E . 6 in c rease
A4 42
T1 I 68
VI
T2 50
j
; 53 + 12 16.8 1 N .S .
T3 58 S .E . 6 in c rease
I T4 34
i
Table V .12; S ta tis tica l breakdown 
E xperim ent 'A '
* 'p ' value using Student’s ’t ’ te s t,
N .S . -  Not significant
2 1 2
Reduction Probability
Group No. Lamb No. % vs. controlTotal No. F lukes Mean + S. D.
L T l 86
LT2 N .S.
LT3 S .E .18
LT4 110
N Tl
NT2 N .S.
NT3 54
NT4
F I
F2 52 + 19
F3
F4
C l 114
C2
C3 54 S .E .16
C4 125
Table V. 13: S ta tis tica l breakdown
Experim ent 'B'
* 'p ' value using Mann Whitney 'U ' te s t 
N .S . = Not significant
2 1 3
F rom  consideration  of T ables V .2; V.6 and V.8 the haemoglobin type 
of experim ental sheep in E xperim ent 'A' m ade no difference to the pathogenicity 
of F . hepatica infection e ith e r in te rm s  of g ro ss-patho log ica l changes or num bers 
of flukes reco v ered . The sam e w as tru e  of experim ental sheep in Experim ent ’B' 
from  exam ination of T ab les V .4; V.7 and V .9 . This finding w ill be d iscussed  
la te r .
In the f ir s t  experim ent (Experim ent 'A ') sev e ra l in te re s tin g  points 
may be drawn from  the s ta tis tic a l analysis  of fluke re c o v e rie s . F irs tly , p r io r  
to infection none of the o ther helm inth species, nam ely, A sca ris  suum 
Q stertag ia  c ircum cincta  and T richostrongy lus co lubrifo rm is; and Taenia 
hydatigena (Groups V, I, and VI resp ec tive ly ) conferred  any degree of 
im m unity to F . hepatica infection in te rm s  of num bers of flukes reco v ered .
T hese infections in fact re su lted  in 1.1%; 46.4% and 16,8% in c re a se s  in the 
num ber of flukes reco v ered  com pared with the control an im als. It is  m ost 
in te re s tin g  to note that p r io r  infections w ith nem atode spec ies  0 . c ircum cincta  
and T . co lub rifo rm is re su lted  in a 46.4%  in c rease  in fluke recovery , which 
constitu ted a s ta tis tica lly  significant d ifference (p<0.05) when com pared with 
the control group, using  S tudent's 't '  te s t . This observation w ill be d iscussed  
la te r , together w ith the fa ilu re  of C. tenu ico llis to confer im m unity to fluke 
infection (P la te s  6 & 7).
Another in te re stin g  observation  from  th is  data (Table V.i2) was that 
the group of sheep tre a ted  w ith levam iso le  alone and subsequently challenged 
with F . hepatica (Group III) showed no evidence of im m unity and indeed 
ren d ered  32.5% m o re  flukes than the control group.
In th is  experim ent the only trea tm en t group which appeared  to exhibit 
any re s is ta n c e  to the fluke cliallenge was Group II, wMch w ere exposed to a
2 1 4
Plate 6. L iver from  sheep NTS Group 2, c ro ss-im m un ity  
experim ent B showing coexisting  C. tenu ico llis  and 
F . hepatica in fections.
Plate 7. L iver from sheep C l Group 4, c ross-im m un ity  
experim ent B showing typical F . hepatica lesions 
in challenge control an im als.
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nem atode infection before trea tm en t w ith levam isole  and subsequent F . hepatica 
challenge. This group had a 30.3% reduction  in num bers of flukes reco v ered  
com pared with co n tro ls . This d ifference was not found to be s ta tis tica lly  
significant using  Student's 't ' te s t .
F inally , no conclusion could be drawn from  Table V. 8, reg ard in g  
the breakdown in s ize  of the different fluke burdens, as no p a rtic u la r  trend  or 
p a tte rn  appeared  to be involved in the vario u s  trea tm en t g roups.
F ro m  Experim ent 'B' by consideration  of Tables V .9 and V. 13 the 
following points em erged . F irs tly , in a ll th ree  trea tm en t groups i . e .  Groups 
1, 2 and 3, th e re  w as a substan tia l d ec rea se  in the percen tage of flukes 
reco v ered  com pared w ith control sheep (27%, 35% and 47% respec tive ly ). In 
Groups 1 and 2, wliich respec tive ly  received  levam isole followed by T . hydatigena 
infection; and nem atode hifection, then T . hydatigena infection p rio r  to challenge 
w ith F . hepatica observed  reductions in fluke num bers w ere not s ta tis tic a lly  
significant. However, sheep in Group 3, which received  a nem atode infection, 
levam iso le  and T . hydatigena infection p rio r  to F . hepatica challenge ren d ered  
47% few er flukes than con tro l an im als winch proved significantly different 
( p . 05) when com pared with con tro l burdens. It is  pertinen t to recogn ise  at 
th is  stage that in both experim en ts the group of sheep which dem onstrated  the 
g re a te r  degree of re s is ta n c e  to F . hepatica infection in fluke recovery  (Group II 
in E xperim ent 'A ' and Group 3 in E xperim ent 'B'), had both been exposed to 
helm inth infection p r io r  to trea tm en t w ith levam isole .
Again, a s  in E xperim ent 'A ', no conclusions could be drawn from  
the inform ation on m easu rem en ts  of the individual fluke burdens.
In view of the significant d ifference between the fluke burdens of 
Group 3 and Group 4 in E xperim ent 'B' it was decided to exam ine serum  taken
2 1 6
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2 1 8
from  these an im als a fte r F . hepatica challenge for the liv e r enzym es sorb ito l 
dehydrogenase (SDH) and glutam ate dehydrogenase (GLDH). The results- of 
th is  analysis  a re  illu s tra te d  in F ig s . 5 .1  and 5 .2 . F rom  th is  data it is  
apparent that the SDH levels ro se  slightly la te r  and the m axim um  value 
reached was slightly low er in Group 3 sheep com pared with Group 4 sheep, 
wMle GLDH levels w ere  s im ila r in both groups. F u ller re s u lts  of these 
analyses a re  shown on pages 285-286 of the appendix. The significance of 
th is w ill be d iscussed  la te r .
Passive T ra n s fe r  Experim ent II
Group No. No. of ra ts Type of serum
1 8 8 week ovine F . hepatica
2 7 8 week bovine F . hepatica
3 8 14 week ovine C. tenuicollis
4 6 N orm al
5 10 -
Table V. 14: Passive T ra n s fe r  Experim ent I I
N os, of r a ts  surviving experim ent
2 r a ts  from  Group 4 and 1 ra t from  Group 2 died before the end of 
the experim ent. Of these, flukes w ere recovered  only from  the ra t from  
Group 2. Individual fluke re c o v erie s  from  the bile ducts of infected ra ts  
a re  shown in. Table V. 15.
2 1 9
Group 1 Group 2 Group 3 Group 4 Group 5
2 2 3 2 1
2 2 3 3 2
2 2 3 3 3
2 2 4 3 3
2 4 4 4 3
4 4 6 4 4
5 4 6 5
5 4 8 5
5
7
T able V. 15: Passive T ra n s fe r  E xperim ent II 
Individual fluke burdens
2 2-0
A s ta t is t ica l  breakdown of the fluke recover ies  f r o m  tliis experiment
is i l lus tra ted  in Table V.16.
Group No. Type of serum Total No. 
F lukes
Mean T S . D . % Reduction 
vs control
Probability
'p '*
1 8 week ovine 
F . hepatica
24 3 '+  1 .4  
S .E . .5
21% N .S .
2 8 week bovine 
F . hepatica
24 3 + 1 
S .E . .4
21% N .S.
3 14 week ovine 
C. tenu ico llis
22 3 .7  + 1 .4  
S .E . .6
2.6% N .S .
4 N orm al 32 4 + 2 .0  
S .E . .7
+5.3% N .S .
5 Control 38 3 .8  + 1.8 
S .E . .6
Table V.16: Passive T ra n s fe r  E xperim ent II
S ta tis tica l breakdown of fluke reco v e rie s
F rom  th is  data it is  apparen t that although both batches of serum  
from  fluke-infected  rum inan ts (Groups 1 & 2) afforded som e pro tection  
against F . hepatica infection in te rm s  of a 21% reduction in fluke re c o v e rie s  
com pared w ith control ra ts , ne ith e r th ese  groups nor the group receiv ing  
serum  from  C. ten u ico llis -infected sheep (Group 3) showed evidence of a 
s ta tis tic a lly  significant d ec rea se  in fluke num bers. F luke re c o v e rie s  from 
Group 1 w ere  in fact c losely  s im ila r  to those from  control Group 5.
DISCUSSION
The f ir s t  in te re s tin g  points to em erge, as an incidental finding in 
the p re sen t c ro ss-im m u n isa tio n  stud ies, was the in c re a se  in fluke burden 
re su ltin g  from  prior infection with nem atodes O. c ircum cincta  and T .co lub rifo r m is. 
T ills in c re a se  was in the o rd e r  of 50% and proved s ta tis tic a lly  significant at
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the 5% level. T ills re s u lt  would appear to contradict the findings of Goose (1977) 
and Doy et a l . (1978a). In th ese  analogous studies in the lab o ra to ry  m odel of 
F . hepatica infection in the ra t  both groups of w o rk ers  rep o rted  that p rio r 
infection w ith N ippostrongylus b ra s ilie n s is  re su lted  in a degree of im m unity to 
F . hepatica infection. The la tte r  study (Doy et a l . , 1978a) dem onstrated  a 
significant reduction in fluke burden of r a ts  experim entally  infected with 
N .b ra s i l ie n s is  alone or N .b ra s i lie n s is  plus im m une serum . The au thors 
considered  the nem atode capable of inducing a heterologous p ro tection  against 
F . hepatica infection and although the m echanism  of such pro tection  rem ained  
obscure , it w as felt that specific  serum  fac to rs  w ere not involved and that 
in tes tin a l eosinopliils m ight possibly  be im plicated. It m ust be s tre sse d  that 
the above conclusions drawn from  the lab o ra to ry  model of F . hepatica infection 
in the r a t  can only be applied in general te rm s  to infection in sheep since not 
only a  d ifferen t species  of host is  involved, but a lso  d ifferent nem atode sp ec ies. 
In view of the equivocal re s u lt  from  Experim ent ’B’, i . e .  a 35% d ec rea se  in 
fluke burden in sheep infected w ith nem atode species (Group 2) which w as not 
s ta tis tic a lly  significant, in the opinion of the author, b earing  in mind the sm all 
groups of an im als used, although a trend  or pa tte rn  w as obvious, it would be 
dangerous to draw any conclusions from  the p resen t studies reg ard in g  the 
influence of p rio r  nem atode infection on F . hepatica infection in sheep.
Secondly, a s  m entioned previously  in the p re sen t studies, haemoglobin 
type of experim ental sheep had no bearin g  on re s is ta n c e  to fluke infection in 
te rm s  of g ro ss  pathological changes or num bers of flukes reco v ered . T his 
finding would appear to con trad ict the views of Van T iggele (1978) who had 
rep o rted  that sheep of haemoglobin type BB w ere re la tiv e ly  re s is ta n t to 
fluke infection com pared w ith AA sheep. Tliis d ifference m ay w ell be due
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to the fact that the la tte r  author used Texel sheep while in the p resen t studies 
experim en tal sheep w ere of the F inn-D or se t b reed .
At th is  stage it  w ill be inform ative to  d iscu ss  the w ork of Cam pbell 
et. a l . (1977) and Dine en et a l . (1978) in A ustra lia  on the stim ulation of 
re s is ta n c e  in sheep to F . hepatica by infection w ith C y sticercus tenuicollis .
The f i r s t  p a r t of tin s  work (Campbell et a l . , 1977) rep o rted  that infection of 
sheep for a 12 week period  with C. tenu ico llis  generated  a high level of 
pro tection  against F . hepatica, in te rm s  of a 95% reduction in fluke burden 
com pared w ith control an im als. The au thors a lso  re p o rted  that liv e r 
fib ro s is  w as m uch le s s  extensive in re s is ta n t sheep than con tro ls . The sam e 
au thors (Dineen et a l . , 1978) reco rd ed  that sheep exposed to C. tenuicollis 
infection for 12 w eeks w ere  again p ro tec ted  when re  challenged with F . hepatica 
a t 9 m onths. The au thors fu rth e r documented that sheep in wliich the in itia l 
C .ten u ico llis  infection w ere term ina ted  by anthelm intic w ere  re s is ta n t to 
p rim ary  in fec tion  w ith F . hepatica, but becam e fully suscep tib le  to reinfection  
a t 9 m onths. On the b a s is  of these  re s u lts  it was suggested that the 
m aintenance of re s is ta n c e  to F . hepatica req u ired  the p e rs is te n c e  of active 
C. tenu ico llis  infection in the body cavity . In tliis experim ent a significant 
reduction  in fluke reco v ery  was a lso  obtained, su rp ris ing ly , in a group of 
an im als  which w ere intended to serve  a s  infectivity  con tro ls for m e ta ce rc a r ia e  
of F . hepatica , and which had a t no tim e been infected with C. tenu ico llis .
The resp o n se  of these  an im als a s  m onitored by fluke egg counts, P.O . V. 's  
and fluke re c o v e rie s  w as s im ila r  in every  way to re s is ta n t sheep. This 
puzzling occu rrence  w as explained by the au thors a s  due to adventitious 
infection w ith the la rv a l cestode during a period of 14 m onths g razing  before 
housing, as  C. tenu ico llis  cy sts  w ere found in the peritoneal cav ities of the 
an im als in question at post m o rtem . The au thors favoured an im m unological
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explanation of th is phenomenon of re s is ta n c e , the m echanism  of which was thought 
to be e ith e r by a specific stim ulus provided by C. tenu ico llis  antigens c ro ss  
reac tin g  with F . hepatica, or by a non-specific  tissu e  reaction  involved by a 
specific im m unological stim ulus, or by a combination of both m echan ism s.
In the p resen t studies, in E xperim ent ’A' sheep infected for 15 w eeks 
w ith C . tenu ico llis , then challenged with F . hepatica , w ere found to be com pletely 
suscep tib le  to infection (Table V.8 ), indeed many c a rc a s se s  w ere  found to 
harbour la rg e  num bers of both p a ra s ite s  (Plates 6 & 7). Tliis finding has a lso  
been confirm ed by the work of Hughes et a l. (1978), who infected sheep, 
and other dom estic species w ith C. tenuicollis p rio r  to challenge w ith 
F . hepatica . These la tte r  au thors w ere  unable to find any significant d ifferences 
between the fluke burdens of an im als previously  infected with the la rv a l cestode, 
and control an im als. In these  experim en ts, as  in the A ustra lian  work, sheep 
w ere  re a re d  a t p astu re , and, ap a rt from  breed  d ifferences, the only other 
point of d ifference between the two stud ies was the use by the A ustra lian  w o rk ers  
of the anthelm intic levam isole  a t 3 weekly in te rv a ls  from  the age of 8 weeks until 
housing to control nem atode infections. As d iscussed  e a r lie r  in th is  chapter 
th is  compound is  known to have im m unom odulatory p ro p e rtie s  and Hughes et a l . 
(1978) suggested that levam iso le  m ay be responsib le  for the d ifferent re s u lts  
obtained from  the two s im ila r stud ies.
In the p re sen t stud ies E xperim ent 'A ' w as designed p rim arily  to 
te s t  the effectiveness of C. tenu ico llis  p e r se and other helm inths in p ro tec ting  
sheep against F . hepatica infection and E xperim ent *B' was intended to re c re a te  
a rtif ic ia lly  the "A ustralian  situation" indoors by infecting sheep experim entally  
w ith nem atodes, then tre a tin g  w ith levam iso le  p rio r  to G. tenu ico llis  infection 
and F . hepatica challenge .
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Significantly, as m entioned previously , the groups of sheep wliich 
dem onstrated  the la rg e s t reduction in fluke burdens had both been exposed to 
a p r io r  helm inth infection before trea tm en t w ith levam isole, viz: Group II in 
Experim ent 'A ' and Group 3 in E xperim ent ’B'. Group II sheep w ere infected 
tw ice w ith abom asal and in testina l nem atodes before 3 trea tm en ts  with levam iso le  
a t 3 weekly in te rv a ls . T hese an im als had th e re fo re  received  exactly the sam e 
trea tm en t as the control anim als in the A ustralian  w ork (Dineen et a l . , 1977) 
which had been sen sitised  to helm inth antigen by continuous exposure to 
nem atode infection at p a s tu re  for 14 m onths during which tim e they w ere  
reg u la rly  trea ted  with levam iso le . Group 3 of E xperim ent ’B' underwent exactly 
the sam e trea tm en t reg im e, but w ere a lso  infected with C. ten u ico llis , i .e .  th is 
group of an im als w as en tire ly  analogous to the re s is ta n t sheep of the A ustra lian  
work, w hose fluke burdens w ere reduced by up to 95%.
F u rth e r evidence for a degree of re s is ta n c e  in Group 3 sheep in 
E xperim ent 'B' is  provided by exam ination of the GLDH and SDH levels  of tliis 
group of an im als com pared with con tro ls (see F igs. 5 .1  and 5 .2 ). In the 
con tro l group SDH lev e ls  s ta r ted  to r is e  3 - 4  weeks post-infection . This 
finding is  in ag reem ent with the work of E l H arith  (1977) and Van Tiggele (1978), 
who dem onstrated  a s im ila r r i s e  in SDH level in sheep experim entally  infected 
w ith F . hepatica . In Group 4 an im als SDH levels th e re a f te r  fluctuated at an 
abnorm al level reach ing  peak values at 6 and 12 weeks a fte r challenge. However, 
in Group 3 an im als SDH levels  did not r i s e  appreciably  until 5 - 6  weeks a fte r 
infection, and the peak values reached  w ere slightly low er than control an im als. 
As m entioned previously GLDH levels (F ig .5. 2) w ere  found to be s im ila r in 
both groups. These findings may indicate a delay in m igration  of invading 
flukes tlirough the liv e r parenchym a, which may possibly re fle c t a degree of
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im m unity to infection, although it m ust be adm itted that the re la tiv e  G. L. D. H. 
ac tiv itie s  of the re levan t groups do not support th is  theory .
In the light of these  findings, in the opinion of th is  author, the combination 
of levam iso le  trea tem en t and p rio r  hifection w ith other helm inth species, and not 
infection with C. tenu ico llis re su lted  in a degree of re s is ta n c e  in sheep in the 
p re sen t studies, and possib ly , hi the w ork of Cam pbell et a l . , (1977) and Dineen 
et a l . (1978). T his opinion is  supported by the re su lts  of passive  tra n s fe r  
experim ent II (Table V. 16), hi which adm hiistra tion  of serum  from  sheep infected 
14 weeks previously  with C. tenu ico llis sim ultaneous to F . hepatica infection was 
unable to  confer any degree of re s is ta n c e  to F . hepatica in te rm s  of a significant 
reduction in fluke recovery  com pared w ith control an im als. Serum from  fluke 
infected rum inan ts a lso  failed to confer pro tection  and possib le  reaso n s  for th is  
w ill be d iscussed  in C hapter VI. F u rth e r support for the above view is  provided 
by the work of R ichard-L enobie  et a l . (1974); Desowitz (1975) and Liauw et a l . 
(1977). As d iscussed  previously  both the fo rm er groups of w o rk ers  (R ichard- 
Lenoble et a l ., 1974 and Desowitz, 1975) observed im m unostim ulation in roden ts 
infected with the protozoan Plasm odium  berghei followhig p resen ta tion  of P. berghei 
antigen sim ultaneously with, or p r io r  to levam isole trea tm en t. Possibly, of more 
re levance  to the helm inth field was the work of Liauw et a l. (1977), who described  
im m unost/im ulation  by levam iso le  of a delayed type hypersensitiv ity  
reaction  following infection of ra ts  with the helm inth N ippostrongylus 
b ra s ilie n s is  . The au thors w ere able to dem onstrate  a re la tionsh ip  between 
the tim e of exposure to worm antigen and the tim e of levam iso le  trea tm en t, 
in a ll cases p rio r  exposure to helm inth antigen enhanced the im m unostim ulatory 
effect of levam iso le . These findings, as well as suggesting that im m uno­
stim ulation may have o ccu rred  in the A ustralian  work due to a p r io r  exposure 
to helm inth antigen over a long period  before levam isole trea tm en t, may a lso
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explain the fa ilu re  of levam iso le  to afford protection in som e of the trea tm en t 
groups in the p resen t studies, e .g . (see T ables V. 12 and V. 13):- Groups III 
of Experim ent 'A ' which received  levam iso le  trea tm en t only, without p r io r  
exposure to helm inth antigen and ren d ered  32.5% m ore flukes than the control 
group; and Group I in E xperim ent 'B' which was exposed to helm inth antigen 
by v irtue  of infection with C. tenuicollis only afte r levam iso le  trea tm en t, and 
which showed only a slight reduction in fluke burden com pared with control 
an im als, wliich was not s ta tis tica lly  significant.
If the use of levam iso le  has indeed been responsib le  for a degree of 
re s is ta n c e  to F . hepatica in such a susceptib le  host as slieep it is  in te re stin g  
to speculate as to how th is may have come about. F rom  a la rg e  num ber of 
studies, recen tly  review ed by Symoens and Rosenthal (1977), it appears that 
the im m unostim ulatory p ro p e rtie s  of the drug a re  only expressed  in the 
p a rtic u la r  situation w here the host is  "com prom ised" in som e way. F rom  the 
work of R ichard  Len obi e et a l . (1974) and Desowitz (1975), since levam isole 
was effective in im m unostim ulation in these studies, then by inference the 
anim al previously exposed to p a ra s itic  infection or perhaps only p a ra s itic  
antigen, m ust be in som e way "com prom ised". As far as the m echanism  
of im m unostim ulation is  concerned the work of F eg ies and G uerrero  (1977), 
on human Toxoplasm a gondii p rovides som e useful suggestions. These 
au thors repo rted  that the c lin ical im provem ent of patien ts suffering from  
toxoplasm osis when tre a ted  with levam isole, alone o r in com bination with 
sulpha drugs, was accom panied by a num ber of significant im m unological 
events viz: a fall m anti-toxoplasm a antibody ti tre  with a m arked in c rease  
in the percentage of T  lym phocytes in the pe rip h era l blood. The authors 
theo rised  that these events may be due to rem oval of a chronic antigenic
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stim ulus which had caused hyperactivity  of B ym phocytes, possibly due to 
m odification of the hum oral re sp o n se  by T re p re s s o r  lym phocytes. The au thors 
pointed out that im m unosuppression was a fea tu re  of tliis p a ra s itic  d isease, 
and that patien ts suffering  from  the condition invariably had below average 
levels  of T  lym phocytes.
Im m unosuppression has a lso  been shown to be a fea tu re  of F . hepatica 
infection (Goose, 1977), which finding was substantiated  in the p resen t studies 
(see C hapter IV) and the com parison between toxoplasm osis in humans and 
ovine fa sc io lias is  seem s a ju s tifiab le  one. Indeed a com parison of the two 
situations using sophisticated  im m unological m ethods would provide much 
valuable inform ation concerning the exact immune status of experim ental 
an im als (see also  C hapter IV). Tliis could be done for exam ple by m onitoring  
the percen tage  of T  and B lym phocytes and varia tions there in  in response  to the 
tre a tm en ts  described  in the p re sen t s tud ies. In th is  connection L arsh  and 
W eatherly (1975) suggested that ap art from  the use of column clirom atography 
pure  suspensions of T and B ce lls  may be obtained by the trea tm en t of pools 
of m ixed cells  with antitheta antibody and com plem ent to destroy T  c e lls . 
Separation of T  and B ce lls  by s im ila r  m eans was recen tly  c a rr ie d  out by 
R ich et a l . (1977) in an im m unological study on fractionation of lymphocyte 
sub-populations which reg u la te  m ixed lymphocyte reac tio n s . Such techniques 
would undoubtedly prove fruitful if applied to F . hepatica infection in rum inan ts.
In view of the evidence p resen ted  above it would appear reasonab le  
to assum e that levam iso le  may well have a s im ila r m echanism  of action in 
the two situations described  above and may well be of prophylactic value in 
a reg im e for prevention of ovine fasc io lias is , using the compound with a 
suitable im m unological tr ig g e r, possibly by p rio r exposure to som atic or 
m etabolic antigens of F . hepatica .
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CHAPTER VI
GENERAL DISCUSSION
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GENERAL DISCUSSION
The findmgs of the p resen t studies will now be d iscussed  together 
with those of recen t analogous work in the field of helminthology.
F rom  Chapter III it was evident on the basis  of the haematological 
p a ra m e te rs  m easured  that cattle  w ere  be tte r  equipped to withstand experim ental 
F . hepatica infection in that anaem ia did not develop either following infection 
or reinfection to an extent in any way com parable with tliat observed in sheep, 
despite the fact that experim ental cattle  w ere  infected and reinfected with 
approximately 4 t im es  as many m e ta ce rc a r iae  a s  experim ental sheep and 
re in fec ted  cattle  w ere  found to harbour 3 tim es as many flukes as s im ila rly  
infected sheep. Tliis observation is  in agreem ent with the studies of previous 
w o rk e rs  and may well reflect, an inherent genetic difference in the response  
of the two rum inant species  to infection.
An in te res t ing  fea ture  of reinfection with F. hepatica in both rum inant 
species  was the com paratively low l ive r  enzyme values (G .L .D .H . and G .G .T . )  
reco rd ed . Such a phenomenon was found to be m ore  m arked  in cattle  than in 
sheep. This  finding does not support the view of Rushton (1977) who 
proposed a delayed m igration of the secondary infection in reinfected sheep.
This opinion was based partly  on high S .G .O .T .  activity in the serum  of 
severa l reinfected an im als .  However, a s  d iscussed in Chapter I estim ation 
of th is  p a r ticu la r  enzyme has proved to be of limited value for diagnosis of 
F . hepatica infection in sheep in previous studies. It is  this au thor 's  
opinion the re fo re  that the re la tive ly  low enzyme values recorded  on reinfection 
was m ore  likely to be a reflection of the self-lim iting  nature  of the liver  
enzyme response  than an indication of a host response  causing a reduction in
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or im pairm ent of the metabolic ac tiv ities  of reinfecting flukes, since these  
p a ra m e te rs  have been shown in the past to be of lim ited diagnostic value on 
re infection .
As fa r  as  serological observations a re  concerned the findings of the 
p resen t study have backed up the general opinions of previous authors, i . e .  
that I .H .T .  is  a re liab le ,  sensitive  te s t  for early  diagnosis of F . hepatica 
infection in cattle  and sheep, and that D .I .D .  is  a lso a re liab le  test, but of 
le s s  value due to the time involved and the re la tive  insensitivity  of the 
technique, since although few false positive re su l ts  were  obtained diagnosis 
of infection was made la te r  and negative re su l ts  w ere  obtained during the 
course  of infection in both rum inant species. The lim itations of the E . l . i .  s. a. 
teclmique for early  diagnosis and quantitation of the antibody response  have 
been discussed in some detail, and m the au thor 's  opinion, i ts  unreliability 
and id iosyncratic  nature  a re  a cause for concern although, when functioning 
p roperly  i ts  sensitivity  is  undeniable. This was recently  dem onstrated  by 
the work of Burden and Hammett (1978) who perform ed m ic ro -E .  1. i. s. a. 
successfully  in cattle  infected with F. hepatica. These authors , however, 
did not indicate how the problem  of read ing  the test had been overcome and 
until such time as satisfac tory  standardisation of re su l ts  is  achieved it is 
the opinion of th is  author in agreem ent with contem porary w orkers  in the 
field who have abandoned the technique in favour of m ore  re liab le  techniques 
(Smith, personal communication; Van Tiggele, 1978), that I. H .T . rem ains  a 
p re fe rab le  a lternative.
Of considerable in te re s t  from the quantitative study of antibody 
production was the observation that experimentally infected sheep, although 
producing considerable amounts of serum  antibody, indeed m ore  than s im ila rly
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infected cattle, and although such ovine an tiserum  removed at pa rticu la r  
tim es after Infection was able to protect r a t s  from F . hepatica infection, 
them selves rem ained  susceptible to reinfection. Possible explanations for 
th is  anomaly a re  num erous and it is  stimulating to consider a few of the 
recen t theories .  Hanna (1978) in studies involving immunofluorescence 
rep o rted  that antibody t i t r e s  against juvenile F . hepatica tegument peaked 
6 - 7  weeks post-infection and declined steadily th e rea f te r  when flukes becam e 
established in the bile ducts. In the au thor 's  opinion th is  may have been due 
to rep lacem ent of the antigenic juvenile tegumental secre tions  with adult non- 
antigenic secre tions  during the course  of infection. Tliis evidence together 
with immunofluorescent studies on the lo ss  of immune complex from the 
surface  of antibody-labelled juvenile F . hepatica suggested to the author that 
the fluke protected i tse lf  from  immunological attack by sheep an tiserum  by 
enveloping i tse lf  in a glycoprotein cocoon wliich masked underlying components 
from  immune detection. Studies of a s im ila r  na ture  such as those ca r r ied  
out by Howard et a l . (1979) utilis ing tecliniques involving radiolabelling of 
surface  p ro te ins of F . hepatica to differentiate host and p a ra s i te  m olecules 
will doubtless m ore  accurate ly  define the na ture  of those p^eteeftve-m echanism s 
r e fe r re d  to by Hanna (1978). An a lternative  theory (Goose, 1978) proposed 
that ex cre t in g /sec re to ry  products of the actively feeding flukes may pro tec t 
the p a ras ite ,  in the confined space of the bile duct, from host defences.
This la t te r  study was c a r r ie d  out exclusively in the labora tory  model 
of F . hepatica infection in the ra t ,  and therefo re  may only be applied in very 
general te rm s ,  to F . hepatica infection in sheep. However the fluke may 
attem pt to evade host re sp o n ses ,  the fact rem ains  that there  would appear to 
be an immunological shortcom ing peculiar to sheep, and associated  with a
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serum  fac tor. In the past the failure  of sheep an tise ra  to protect r a t s  from 
F . hepatica infection has been explained in te rm s  of the tim e of infection at 
which an tiserum  was rem oved from sheep, on the grounds that insufficient 
antibody was being produced early  in infection. However, it has been clearly  
dem onstrated  that antibody production pe r se does not provide functional 
immunity re g a rd le s s  of the amount produced and it is  proposed ra th e r  that 
im pairm ent of immunological function in sheep which is  reflec ted  in serum  
changes may be hivolved. Th is  theory is  supported indirectly  by the work of 
previous w orkers  including Chen and Soulsby (1976) and B urre lls  et a l . (1978). 
Both groups of w orkers  implicated serum  factor(s) in modifying ovine im m uno­
logical responses , and indeed the fo rm er authors suggested that inhibitor(s) 
which may im pair norm al immunological re sponses  may be p resen t in the 
se ru m  of sheep undergoing infection with the abomasal nematode H. contortus.
The nature  of the immunological defect in sheep infected with 
F . hepatica rem ains  obscure, however, due to the la rg e  amounts of antibody 
produced to no avail it would seem  reasonab le  to assum e that such a defect 
is ch arac te r ised  by B cell hyperactivity and a reduction in the effective 
populations of T  and B lymphocytes, i . e .  a situation analogous not only to 
toxoplasm osis in humans as  previously described (Fegies and G uerre ra , 1977), 
but also perhaps to the situation recen tly  reported  by Ottesen et a l . (1978) in 
individuals chronically infected with Schistosoma m ansoni, where diminished 
responsiveness  to schistosom e antigens independent of humoral immune 
resp o n ses  was reco rded . The p resen t  theory regard ing  ovine F . hepatica 
is  supported by the evidence presen ted  in Chapter IV to suggest that F .h e p a t ic a 
infected sheep displayed a genera lised  im m unosuppression ch arac te r ised  by a 
polyclonal im pairm ent in the transforming ability of per iphera l blood lymphocytes
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or a reduction in total num bers  or functional capacity of T  and B cells , on the 
ba s is  of reduced mitogenic re sp o n ses  of infected and re infected  anim als. The 
m echanism  by wMch such an im m unosuppressive effect was exerted  re q u ire s  
fu rther investigation, but the involvement of suppresso r cell activity is  likely. 
Subpopulations of thymic suppresso r  cells  w ere  isolated in the ra t  by Ha et a l .
(1973), who considered that such ce lls  rep resen ted  le s s  than 10% of the total 
thymocyte population. It was the au th o r 's  opinion that such cells  may not 
correspond perfectly  to thymocyte subpopulations with conventional pe r ip h e ra l 
T  lymphocyte activity and may in fact be p resen t as  distinct subpopulations 
within the thymus. Evidence of supp resso r  cell activity in the helmmth field 
was recently  reported  by Colley et a l . (1978) in human infection with 
Schistosoma m ansoni. T h is  inform ative piece of work dem onstrated  that 
p e r ip h e ra l  lymphocytes from patients with cinronic S. m ansoni infection 
expressed  suppresso r  activity a fte r  exposure to somatic S. mansoni antigen. 
In terestingly enough the au thors  a lso reported  that such schistosom e antigen 
induced suppresso r activity was greatly  increased  when the cells  w ere  exposed 
to antigen in the p resence  of " su p p resso r"  s e ra  from patients with chronic 
S. mansoni infection. On the basis  of these findings the au thors  proposed a 
synerg istic  relationship , involving antigen exposure of both cells  and se ra  of 
chronically infected individuals, which a s s is ts  in the induction of suppresso r 
activity. P ara lle ls  between the above situation and clironic ovine fasc io lias is  
a re  obvious and the conclusions of the fo rm er authors (Colley et a l ., 1978) that 
the immunoregulatory re sp o n ses  observed may be of g rea t  im portance in the 
establishm ent of a stable chronic infection, in this au tho r 's  opinion may well 
be applicable to chronic F .  hepatica infection in sheep. F u r th e r  evidence for 
the p resence  of a defect of an immunological na tu re  in F . hepatica infected
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sheep is  provided by the stimulation of a pa rtia l immunity to F . hepatica 
infection in sheep trea ted  with the immunomodulatory compound levam isole 
as  described  in Chapter V. Although it must be admitted that th is  compound 
alone did not a lte r  the course  of F . hepatica infection in sheep and only 
resu lted  in a degree of re s is tan ce  when anim als had been suitable prim ed 
or "com prom ised" by p rio r  exposure to helminth antigen, the fact that 
modification of the response  to infection did take place n ecessa r i ly  means, 
from the vast l i te ra tu re  on the immunological p ropertie s  of this compound, 
that the defence m echanism s of the host animal had been re s to re d  to norm al, 
implying an initial abnorm ality . It would be of considerable in te re s t  to define 
the exact na ture  of the "com prom ise" or im pairm ent of immunological function 
requ ired  for maximum efficacy of levam isole  and whether by amplification of 
tills initial e m b arra ssm en t an effective prophylatic reg im e  may be developed.
The situations in which levam isole  proved to be of therapeutic  value 
i. e. where an im paired immune system  was a feature of the d isease  state, 
w ere  strikingly s im ila r  to that where the leucocyte derived c e l l - f ree  dialysate 
" tran sfe r  factor"  was effective. The la t te r  has been successfully  used in a 
wide range of clironic d isease  s ta tes , including those due to helminth p a ra s i te s  
(Maddison et a l . , 1976; R oss  and Halliday, 1978, 1979) which would suggest that 
" transfer  fac to r"  may prove of value in protection against F. hepa tica . The 
fo rm er authors (Maddison et a l . , 1976) reported  that " tran sfe r  fa c to r” prepared  
from leucocytes of infected immune donors when given in combination with 
hyperimmune serum  reduced the clinical manifestations and worm burdens in 
monkeys infected with Schistosoma m anson i. Sim ilarly  prom ising  re su l ts  
w ere  reported  concerning the t ra n s fe r  of re s is tan ce  by " tran sfe r  fac tor"  hi 
sheep infected with the nematode Trichostrongylus axei, T . co lubriform is
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and O. c ircum cincta  (Ross and Halliday, 1978, 1979). Such re s is tan ce  was 
ch arac te r ised  by considerable  reductions in worm burdens of t rea ted  anim als 
and the au thors  noted (Ross and Halliday, 1979) that genetic s im ila rity  was 
not a p re req u is i te  of successful t ra n s fe r  of re s is tan ce  since sheep of different 
b reeds  had been used a s  donor and rec ip ien t. Thus it would appear that this 
compound, like levam isole  may overcom e problem s of immunological 
unresponsiveness, which have been shown to be a feature of the helminth 
infections mentioned above and the re fo re  may prove a useful tool in protecting 
sheep ag-ainst F . hepatica infection. Indeed, p re lim inary  studies of t ran s fe r  
fac tor in the r a t  (Halliday, personal communication) have indicated that tliis 
may well be the case .
F ro m  the various studies, immunological and otherwise described  in 
Chapter III and IV it has been c learly  dem onstrated  that the response  of cattle  
to F . hepatica infection is  strikingly different to that of sheep under conditions 
of adequate nutrition. No anaem ia was observed, antibody t i t r e s  w ere  lower 
and th e re  was no evidence of F . hepatica induced im m unosuppression in te rm s  
of a decreased  mitogenic or antigenic response  of pe riphera l  lymphocytes 
which was a feature of the d isease  in sheep. Several points however regard ing  
the immune s tatus of experim ental calves a re  worthy of note from  the p resen t 
studies in comparison to those of previous w orkers .  As mentioned previously 
(Chapter III) severa l t im es  m o re  flukes w ere  recovered  from reinfected 
calves than in the com parable studies c a r r ie d  out by Doyle (1971), and w ere 
in fact of an o rder s im ila r  to that repo rted  by Van Tiggele (1978), in reinfection 
studies. The la t te r  author, although agreeing with Doyle (1971) in dem onstrating 
a degree of acquired re s is ta n c e  to F . hepatica infection in cattle  was of the 
opinion that the re la tive ly  la rge  number of flukes rem ain ing  afte r  reinfection
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may have originated to a considerable  degree  from  the p r im ary  infection which 
may have been enhanced in development by the invading flukes of the secondary 
infection since, according  to G .G .T .  re su l ts ,  no flukes of the secondary 
infection had passed  the parenchym al phase. Since G .G .T .  levels on reinfection 
in the p re sen t  studies a lso  rem ained  low, tliis theory would p a rtly  explain the 
rea so n  for the re la tive ly  la rg e  num bers  of flukes recovered  on reinfection, i . e .  
many of th is  population w ere  in fact from  the p r im ary  infection. However, 
bear ing  in mind the dangers  of drawing conclusions from  l iv e r  enzyme re s u l ts  
alone, and the sm all num ber of an im als  used, in this au th o r 's  opinion such 
conclusions from  the p re sen t  studies, without back up evidence from s e r ia l  
pa rasito log ica l findings could only be regarded  as  speculation.
Although from  the p re sen t  studies only lim ited information regard ing  
the immune status of catt le  to F .  hepatica infection was obtained, from the 
evidence presen ted  in Chapter V a degree  of re s is tan ce  to F . hepatica infection 
has been achieved in sheep, which is  only the second tim e such a claim has 
been made in a species  h itherto  recognised  as  being u ltra -su scep tib le  to the 
p a ra s i te .  The conclusions of the f i r s t  dem onstration of re s is ta n c e  to fluke 
infection in sheep by Campbell et al. (1977) and Dineen et a l . (1978) have been 
d iscussed  in some detail in Chapter V and further comment at this stage on any 
c ro ss- im m u n is in g  p ro p e r t ie s  of the la rv a l  cestode C. tenuicollis  proposed in 
these  studies is deemed unnecessa ry  a s  the same au thors  (Campbell et a l . ,
1979) have very  recen tly  rep o rted  that challenge infections with T . hydatigena 
did not affect the num ber of flukes reco v ered  from  e ith e r p rim ary  or challenge 
F . hepatica infections casting  fu rth e r doubts on the p ro tec tive  value of infection 
with the la rv a l cestode. It is  w orthy of note that in th is  la t te r  study experim ental 
sheep w ere re a re d  from  b irth  in concre te  floored pens to p revent w orm  infection
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and thus had no p r io r  sensitisa tion with helminth antigen, nor w ere  they 
trea ted  with levam isole . In tliis au th o r’s view, supported by the fmdings of 
Hughes et a l . (1978), tliis trea tm ent reg im e  was of paramount im portance 
in the generation of re s is tan ce  to F .  hepatica infection. Since, in the 
p resen t  studies a degree of re s is ta n c e  to infection in sheep  was noted only in 
anim als  given experim ental helminth infections p r io r  to levam isole  trea tm en t 
it is  possible that suitable manipulation of the technique used to sensitise  anim als 
to helminth antigen may produce a g rea te r  degree of re s is tan ce ,  not only in 
sheep, as  mentioned previously, but a lso  in cattle where a r t if ica l  immunisation 
has been ca r r ied  out with some success  (Armour et a l . , 1974; Nansen, 1975). 
These authors  were able to generate  a degree of re s is ta n c e  using ir rad ia ted  
m e ta ce rc a r iae  and the use of m ore  sophisticated methods of immunisation 
e .g .  using antigens from  a period of in v itro  culture of the p a ra s i te  (E .S. 
antigens) may conceivably afford b e tte r  protection. Such a teclmique was 
pioneered successfully  in the cestode field by Rickard and Bell (1971), who 
vaccinated lam bs against Taenia ovis using antigens obtained from a period 
of in v itro  culture, before successfully  applying s im ila r  methods to im m unise 
cattle  against infection with the la rva l form of the human tapeworm T. sag inata , 
(Rickard and Adolph, 1976). P relim inary  studies using a s im ila r  reg im e of 
immunisation against th is  p a ra s i te  at our own labora tory  have produced le s s  
optimistic r e s u l ts  (Mitchell et al., in p re s s )  as  indeed have the re su l ts  of 
p re lim inary  studies to apply E .S . antigens to immunisation against F. hepatica 
infection, and although initia l studies using this technique by Lang (1976);
Lang and Hall (1977) in the m ouse gave prom ising  re su lts ,  the recen t work of 
Davies et a l . (1979) did not confirm th is  optimistic view. The la tte r  au thors  
Davies et a l . , 1979) attempted to im m unise r a t s  against infection with F . hepatica
2 3 8
using in v itro  culture antigens from newly excysted m e tace rca r iae .  It was 
reported  that fluke burdens in ra ts  which had received culture antigens did 
not differ significantly from control anim als. In the opinion of the authors 
this may have been due to inherent species differences or to differences in 
the composition of the culture antigens used.
However disappointing these prelim inary  re su lts  may appear such 
immunisation techniques may well prove of value in protecting ruminants from 
F. hepatica infection in the future as our knowledge of the specific immunogenic 
m ate ria l  becomes m ore  p rec ise , in a reg im e employing an efficient immunogen 
in combination with an immunomodulatory agent such a s  levam isole or " transfer  
factor". To this end there  is an undoubted need for detailed immunological 
studies to m ore accurately  define the complex relationship which exists between 
the humoral and cell-m ediated immmie responses to F . hepatica infection in 
sheep and the shortcomings therein, by virtue of winch immunomodulatory 
compounds may be of therapeutic value, A detailed examination not only 
of periphera l lympocyte populations, but also of hepatic lympocyte traffic and 
commitment of such cells  to parasitic  antigen would go a long way to clarifying 
this s ituation.
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